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Carbazole and 4-methylcarbazole. 
Carbazole, % .... 4+ 13 24 36 53 62-5 75 87-5 94-5 
Softening pt. .... 110° 110° 107° 117° 130° 175° 190° 224° 230° 
debs ce sects 112— 113— 115— 140— 168— 198— 214— 228— 235— 


117° 117° 150° 174° 196° 220° 224° 232° 236° 


A mixture of the unknown with an equal quantity of a 3-methylcarbazole-carbazole mixture (60 : 40) 
softened at 198° and had m. p. 202—205°. 

3-Methylcarbazole. The specimen had m. p. 202° (Found: C-Me, 6-0. Calc.: C, 86-2; H,6-1; C-Me, 
8-3%). It gave a colourless solution in concentrated sulphuric acid which turned emerald green upon the 
addition of a drop of concentrated nitric acid. Its alcoholic solution became faintly yellow upon the 
addition of p-nitrobenzenediazonium chloride. The dark red picrate had m. p. 178—179°; mixed m. p. 
with the unknown picrate, 155—158°; mixed m. ps. with carbazole picrate were 158—162° (33%, 
carbazole picrate), 160—164° (50%), 160-—164° (66%). 

A mixture of carbazole (20 mg.) and 3-methylcarbazole (20 mg.) could not be separated by 
chromatography under the conditions employed. 

4-Methylcarbazole (Found: C-Me, 5°7%). The colourless solution in sulphuric. acid became 
ultramarine blue on the addition of nitric acid. Its alcoholic solution gave a yellow-brown coloration 
with p-nitrobenzenediazonium chloride. 

From these results it appears that the degradation product contains a compound, affording acetic 
acid in the Kuhn—Roth estimation of side-chain methyl, other than the 10% of 3-methylcarbazole indi- 
cated by the infra-red analysis. The faint indolaceous odour and the colour reactions suggest that this 
may be an indole derivative, but the possibility of the presence of higher homologous carbazoles cannot 
be dismissed. 

The residue in the flask from the degradation reaction was found to contain a fluorescent acid 
substance. It gave the carbazole reaction with sulphuric-nitric acid but was obtained in such small 
quantity that further examination was precluded. When strychnine was distilled over soda-lime at 
400°, carbazole, m. p- 229—232°, could be isolated in the manner described above. The specimen had 
the usual faint indolaceous odour and became light brown in colour on being kept for a few days. The 
infra-red spectrum showed strong carbazole bands at 845 cm.~' and 857 cm.~', a weak band at 810 cm." 
(3-methylcarbazole, <1%), and a very weak band at 787 cm.', which was not found with carbazole or 
any of the four C-methylcarbazoles. A mixture of carbazole (60 mg.) and 4-methylcarbazole (40 mg.) 
was heated with soda-lime (30 g.) for an hour at 380—400°. The distillate was collected by means of 
acetone and sublimed, m. p. 192—217°; carbazole—4-methylcarbazole (62-5 : 37-5), m. p. 198—220°. 
Infra-red examination showed the presence of carbazole and 4-methylcarbazole, but the absence of 
3-methylcarbazole could not be categorically affirmed because 4-methycarbazole has a band at 812 cm. 
in the vicinity of that of 3-methylcarbazole at 808 cm.-'. However in the graph obtained there was no 
appreciable broadening of the 812 band towards 808. 

BB-N (b)-Hydroxymethyldihydroneostrychnine—A Grignard solution was prepared from magnesium 
(13 g.), methyl iodide (23-5 c.c.), and ether (300 c.c.); after the addition of anisole (200 c.c.), the ether 
was distilled (bath at 100°). A solution of oxodihydroneostrychnine (28-5 g. of the base, 1 MeOH) in 
anisole (350 c.c.) was added and the whole heated for 5 hours at 100°. After being poured on ice, the 
a caper was extracted by dilute hydrochloric acid and the solution basified with ammonia (dried as a 

ight yellow solid, 27-5 g.). A portion was crystallised from alcohol (charcoal) and from benzene-light 
petroleum (b. p. 80—100°) and obtained as prismatic needles, which shrank at 130°, m. p. 160° (decomp.) 
(Found : C, 72-5; H, 7-2. C,,H,.O,N, requires C, 72-1; H, 7-1%). This base (5 g., crude) was ground 
with soda-lime (25 g.) and distilled at 400°, and the product from five such batches was worked up in the 
manner already described. The carbazole fraction had m. p. 116—200°. The infra-red spectrum 
showed strong bands at 810 cm.“ (3-methylcarbazole, ca. 10%), the carbazole bands at 845 cm.~* and 
857 cm.-, and a very weak band at 787 cm. (see above). The absence of 4-methylcarbazole is not 
established owing to the possible swamping of its relatively weak characteristic bands by stronger 
neighbouring a Ape due to carbazole and 3-methylcarbazole. The low m. p. suggests the presence 
of 4-methylcarbazole or of some other unidentified constituent. 

4-Chloro-m-tolylhydrazine.—A hot solution of 4-chloro-m-toluidine (5-8 g.) in dilute hydrochloric acid 
(67 c.c. containing 11 c.c. of concentrated acid) was added to concentrated hydrochloric acid (107 c.c.), 
cooled to 0°, and diazotised by addition of sodium nitrite (3-2 g.) dissolved in a little water. The 
diazo-solution was poured into an ice-cold solution of stannous chloride (21 g.) in concentrated 
hydrochloric acid (26 c.c.). After an hour at 0° the mixture was kept for 12 hours at the room 
temperature, the solid collected, washed with saturated brine, and triturated with a solution of sodium 
hydroxide (17 ae in water (50 c.c.). The base was collected, washed with water, and dried (3-8 g: or 
59%). The substance crystallised from water in needles, m. p. 61° (Found: C, 53-5; H, 5-6. C,H,N,Cl 
requires C, 53-7; H, 5-8%). A mixture of cyclohexanone (2°4 g.), 4-chloro-m-tolylhydrazine (3-6 g.), 
and ethanol (10 c.c.) was refluxed for an hour and added to water. The product was isolated by means 
of ether (yield, 4-8 g.), and it crystallised from alcohol in plates, m. p. 58°. 

The crude cyclohexanone 4-chloro-m-tolylhydrazone (from 5-7 g. of chlorotolylhydrazine) was boiled 
with a mixture of concentrated sulphuric acid (10 c.c.) and water (90 c.c.) for 5 minutes; chloride ion was 
detected in the aqueous solution. The red oil was extracted with ether leaving a pink solid (0-35 g.) 
which crystallised from alcohol in dark red needles, m. p. 195—197° (decomp.), and contained nitrogen 
and chlorine (Found : C, 66-0; H, 4-9; N,6-1%). The nature of this compound has not been discovered. 
The oil from the ethereal extract was distilled, b. p. 222—223°/20 mm. (5-7 g.), and treated with light 

troleum (b. p. 40—60°). An insoluble white solid residue (0-7 &) crystallised from aqueous alcohol 

charcoal) in white needles, m. p. 199—-201° (decomp.) [Found: C, 76-8; H, 7-4; N, 6-9; M (Rast in 

camphor), 220. C,,;H,,ON requires C, 77-6; H, 7-5; N, 70%; M, 201]. The low percentage of carbon 
found is due to a trace of chlorine the presence of which was shown by the Beilstein test. This compound 
58 
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(A) will be further examined. The light petroleum solution was concentrated and afforded 5-0 g. of a pale 
yellow solid. Recrystallisation from aqueous ethanol gave colourless needles, m. p. 64°5° (Found: C, 
70-4; H, 6-5. C,,;H,,NCl requires C, 71-0; H, 6-4%). When the specimens of this 8-chloro-5-methyl- 
1: 2:3: 4-tetrahydvocarbazole (1) were examined after a lapse of months, in order to repeat the analysis, 
it was found that they had decomposed with formation of dark resins. 

4-Methylcarbazole (11).—Chloromethyltetrahydrocarbazole (0-5 g.) and palladised charcoal (0-15 g.) 
= heated (bath at 280—300°) in a stream of hydrogen; evolution of hydrogen chloride ceased after 2 

ours. 

The mass was extracted with acetone and the methylcarbazole precipitated by addition of water 
(0-38 g.). The compound crystallised from aqueous ethanol as call white needles, m. p. 115—116° 
(Found : C, 85-8; 6-2. C,,H,,N requires C, 86-1; H, 6-1%). The picrate, m. p. 160-5°, separated 
from benzene in red needles (Found : C, 56-0; H, 3-6. CisH,OrN, requires C, 55-6; H, 3-4%). Other 
P rties of 4-methylcarbazole are mentioned above. 

en the compound (A), C,,H,,ON, was similarly dehydrogenated, 0-33 g. gave 0-25 g. of solid 
material. This crystallised from aqueous ethanol as white needles, m. & 262° (decomp.) [Found: C, 
79-2; H, 5-8; N, 7:2; M (Rast in camphor), 195. C,,H,,ON requires C, 79-2; H, 5-6; N,7:1%; M, 
197]. This substance is isomeric with a methylphenoxazine, but phenoxazine has m. p. 156° and 
2-methylphenoxazine has m. p. 123—125°, so that it is unlikely to be yore ie The only 
alternative we can suggest is (IV) whence the tetrahydro-derivative (A) should be (III). The stability 
of these substances is noteworthy. 

1-Chlovo-4-methylcarbazole.—Chloromethyltetrahydrocarbazole (1-5 g.) was oxidised by chloranil in 
xylene according to the method of Barclay and Campbell (J., 1945, 530). The resultant dark oil afforded 
a picrate (2-1 g.) which crystallised from benzene in dark red needles, m. p. 154-5° (Found: C, 51-7; 
H, 3: C,,H,,0,N,Cl requires C, 51:3; H, 2-9%). The chloromethylcarbazole crystallised from 
ag 77%). in slender, white needles, m. p. 70° (Found: C, 71-6; H, 4-4. C,sH,)NCl requires C, 

4; H, 47%). 


The authors thank the University of Melbourne for a travelling Scholarship and the Carnegie Fund 
for a grant awarded to one of them (K. H. P.). 


They are greatly indebted to Mr. R. E. Richards for his reports on the infra-red absorption spectra. 
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306. Thermal Decomposition of Explosives in the Solid Phase. Part I. 
The Thermal Decomposition in a Vacuum of Certain Mono- and Di- 
nitrobenzenediazo-oxides, with a Note on the Kinetics of Thermal 
Breakdown of 2-Nitrobenzene-4-diazo-1-oxide. 


By J. VauGuan and L. PHILLIPs. 


The rates of decomposition, in a vacuum, of certain nitrobenzenediazo-oxides have been 
studied between 50° and 120°. Under these conditions mononitrobenzene-2-diazo-l-oxides 
appear to be less stable than the corresponding 4-diazo-l-oxides. A similar conclusion applies 
to the dinitrobenzenediazo-oxides. This is probably due to restricted resonance in the 
2 : 1-diazo-oxides owing to proximity of electrostatic charges. Substitution of nitro-groups in 
positions o- or p- to the oxygen atom in 2: 1-diazo-oxides leads to an increased stability ; 
substitution in the m-position appears to be without effect. Similar effects are observed with 
o-substitution on the 4: 1-diazo-oxides. These effects can be explained on electronic 
considerations. The kinetics of thermal decomposition of 2-nitrobenzene-4-diazo-l-oxide have 
been investigated. The results are in agreement with the theory of solid-phase decomposition 
put forward by Prout and Tompkins (Trans. Faraday Soc., 1944, 40, 488). 


TueE following five aromatic diazo-oxides were examined for thermal stability characteristics : 
4- (I) and 5-nitrobenzene-2-diazo-1-oxide (II), 2-nitrobenzene-4-diazo-1-oxide (III), 4 : 6-dinitro- 
benzene-2-diazo-1l-oxide (IV), 2 : 6-dinitrobenzene-4-diazo-1-oxide (V). 

The method used for following the progress of decomposition was essentially that described 
by Farmer (J., 1920, 117, 1432) in which the compound was allowed to decompose in a vacuum 
and the course of breakdown followed by means of the gas evolution—time curve. The 
temperature range covered was 50—120°, and the curves obtained in all cases were sigmoid in 
shape. Addition of the solid end-products did not result in any acceleration of the breakdown, 
and the gaseous products were also without catalytic effect. The gaseous products of 
decomposition of these diazo-oxides consist mainly of nitrogen, nitric and nitrous oxides, and 
carbon dioxide. Since the nitro-groups of mono- and di-nitrobenzene are comparatively stable 
at temperatures below 120°, the main process in the thermal decomposition of these diazo-oxides 
would seem to be fission of the diazo-nitrogen, together with some slight secondary reactions 
depending on the temperature of decomposition. The failure in all cases to obtain 1 mol. of 
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nitrogen per mol. of diazo-oxide indicated that some coupling may have occurred with the 
formation of a relatively stable product. 

Of the mononitrobenzene diazo-oxides, the 2-diazo-l-oxides (I) and (II) were considerably 
less stable thermally than (III), a 4-diazo-l-oxide. This characteristic was also demonstrated 
by the behaviour of the dinitrobenzene compounds, (V) being more stable than (IV). Results 
also pointed to the following facts : (a) when a nuclear nitro-group is in an o- or p-position to the 
oxygen of the diazo-oxide grouping, a stabilising effect is exerted on the molecule; (b) a 
nitro-group in the m-position appears to be without effect on the stability; (c) the presence of 
two nitro-groups situated as in (a) leads to a stabilising effect greater than that exerted by 
only one such group. 

For many years there was considerable doubt as to whether these internal diazo-oxides had a 
quinonoid structure (VI) or contained an oxide ring (VII). It is, however, now evident that 
neither of these structures is correct and that the properties of such compounds are best explained 
on the basis of resonance hybrids, as in (VIII). This argument is reviewed by Hodgson and 
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Marsden (J. Soc. Dyers Col., 1943, 59, 271), who point out that such a resonating system explains 
the superior stability of the diazo-oxides over the diazonium compounds. Thus the diazo-oxides 
are stabilised by their resonance energy, whilst the diazonium salts, not being resonating systems 
in this sense, are not stabilised in this manner. 

Compounds (I), (II), and (III) can therefore be represented structurally by the general 
formule shown in (VIII). The resonating energy of such systems is, by definition, greatest 
(i.e., the greatest degree of stability is obtained) when both hybrids contribute equally to the 
equilibrium state of the molecule. Now in the “ ionised ’’ form of the 2: 1-diazo-oxides, the 
negatively charged oxygen and the positively charged nitrogen are sufficiently close to set up an 
appreciable electrostatic attraction, so much so that resonance is probably to some extent 
inhibited. Consequently, the “‘ ionised’”’ form will preponderate, with the result that the 
resonance energy assumes a comparatively small value. 

On the other hand, resonance in the 4 : 1-diazo-oxides should not be restricted to such an 
extent because of the greater separation of the electrostatic charges in the ionised form. 
Consequently, the resonance energy and therefore the stability of the 4 : 1-diazo-oxides should 
be greater that that of the corresponding 2 : 1-diazo-oxides, as has been found to be the case with 
(I), (II), and (III). Further support for this theory is afforded by the fact that (IT) is less stable 
than (I). Both compounds are 2 : 1-diazo-oxides, the only difference being that the nitro-group 
is respectively in the m- and the ~-position. Now, according to the electronic theory of organic 

e reactions, developed by Ingold e¢ al., the nitro-group is an electron-attracting 

® group which exerts mesomeric effects in aromatic compounds. This effect would 

St Sex be expected to operate to reduce the fractional negative charge on the oxygen 
(ie | atom of the ionised form of (I), as in (IX), thereby decreasing the electrostatic 
WN O, (IX.) attraction between the ionised groups. The contribution to the equilibrium 
7 “ state made by the non-ionised form therefore increases with consequent increase of 
resonance energy and therefore stability. Since this mesomeric effect cannot operate from a group 
in the m-position, (II) should be less stable than (I). This relative instability in (II) is enhanced 
by the fact that the nitro-group in (II) is in the p-position to the diazo-group. The electron- 
attracting nature of the nitro-group will tend therefore to increase the positive nature of the 
diazo nitrogen and will thus inhibit resonance by favouring the “‘ ionic ”’ structure of the molecule. 

Introduction of a second nitro-group into the position ortho to the oxygen (where 
the mesomeric effect can again operate) should tend further to reduce the fractional charge on 
the oxygen atom. If the major contribution made to the stable structure before introduction 
of this second nitro-group still comes from the “‘ ionised ’’ form, this second nitro-group should 
tend to increase stability by bringing the stable structure nearer to the optimum condition, i.e. 
reducing the “‘ amount ”’ of ionised form. Conversely, it follows that if the introduction of a 
second nitro-group ortho to the oxygen atom in a mononitrobenzenediazo-oxide results in an 
increased stability, the ‘‘ ionised ” form must preponderate in the latter structure. Thus the 
fact that (IV) is more stable than (I) confirms that the “ ionised ” form of the latter preponderates 





1562 Vaughan and Phillips: Thermal Decomposition of 


in the stable structure. Similarly, the fact that (V) is more stable than (III) indicates that, 
although (III) is more stable than (I), the ionised form still makes the greater contribution to the 


fe) 02 0 
| LNoN S=n ! 
NOy O = sox » NO, NO, => xo \wo, 
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relatively stable (III) structure. The destabilising effect of the adjacent charges in the 
2 : 1-diazo-oxides is again illustrated by the fact that (IV) is less stable than the corresponding 
4: 1-diazo-oxide (V). 

Kinetics and Mechanism of the Thermal Decomposition.—Investigation of the kinetics and 
mechanism of the thermal decomposition of nitrobenzenediazo-oxide was not the main object of 
this work. Attempts at kinetic interpretation have only been made, therefore, where data of 
sufficient accuracy are available. Furthermore, secondary processes other than elimination 
of diazo-nitrogen played a large part in the decomposition of dinitrobenzenediazo-oxide, so the 
kinetics were very complex. Satisfactory data were, however, available for compound (III). 

The decomposition of all compounds studied in the present investigation is characterised by 
sigmoid volume-time curves, and microscopic examination of decomposition products indicates 
that decomposition probably occurs in the solid phase without the incidence of partial melting 
which can result in autocatalytic reactions. Considerable work has been carried out by Garner 
and other investigators during the last 15 years on the kinetics and mechanism of thermal 
decomposition in the solid phase. The position has been reviewed by Garner (Trans. Faraday 
Soc., 1938, ‘‘ Symposium on Solid Phase Reactions’”’; Science Progress, 1938—39, 33, 209), and 
more recently by Prout and Tomkins (Joc. cit.), whose treatment of the problem appears to be 
most complete. Agreement is general that decomposition in the solid phase is initiated at 
nuclei which are situated mainly at the crystal surface, at lattice imperfections, i.e., where a 
strain exists, these nuclei being regarded in the widest sense as molecules whose decomposition 
is highly favoured, 7.e., of lower activation energy. The mechanism postulated by Prout and 
Tompkins (loc. cit.), which differs somewhat from that of Garner, is briefly as follows: The 
surface array of product molecules, which in general have a different unit cell from that of the 
original substance, sets up strains in the crystal surface which are relieved by formation of cracks 
(not Smekal cracks, which are produced to relieve strain in the original crystals, i.e., they are a 
property of the crystal itself). At the mouths of these cracks, decomposition will be favoured 
because of lattice imperfections; reaction therefore spreads down these crevices into the crystal. 
Covering of the surfaces of these cracks now produces lateral strains which ultimately lead to 
further cracking from the inner surface. Thus a series of “‘ branchings ” will occur and planes 
of strain will be formed, and along these planes the deformation effect of the product on the 
electronic structure of an adjacent molecule of unreacted substance will be a maximum and 
decomposition will be favoured. A chain-like reaction develops, which, however, becomes 
subject to interference since, when a plane of product molecules is encountered, the chain is 
broken. By a mathematical consideration of their proposed mechanism Prout and Tompkins 
derived the relationship 

logop/ (by — P) = Rit + ey 
where # is the pressure at a time #, p, the final pressure, and k, and c, are constants. This 
equation should hold from the start of appreciable interference with the branching process 
(i.e., from the early stages of the reaction) to near the inflexion point of the p-¢ curve, after which 
the equation 

log oP/(by — P) = hat + Ce 
should hold until the end of the reaction is approached. The graph of log p/(p; — p) against ¢ 
should therefore be two straight lines inclined at an angle to each other. The application of 
these equations to compound (III) is illustrated in Fig. 3, where log v/(v,, — v) has been plotted 
against ¢. The values obtained for k, and k, at various temperatures are “given below : 
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The duplication of values of k, is good, but that with k, is sometimes not very good, owing 
probably to the relative inaccuracy of pressure recordings during the final period of reaction. 
Fig. 4 shows the plot of log k, and log k, against 1/T (where T is the absolute temperature). The 
slopes of the two lines are almost identical, each giving an activation energy of 35°5 k.-cals. per 
mol. This indicates that the reactions in both stages are identical, thus supplying further 
evidence in favour of the theory advanced by Prout and Tompkins. The equations derived by 
these authors have been used in the interpretation of the volume-time curves obtained from the 
thermal breakdown of other explosives, and it is hoped to communicate the result of some of 
this work in the near future. 

EXPERIMENTAL. 


The method and apparatus used for following the progress of decomposition were essentially those of 
Farmer (loc. cit.). Gas analyses were carried out by a method devdingell ot Bristol University, for details 
of which we are indebted to Dr. C. E. H. Bawn. This comprises separation of the gases by fractional 
condensation, followed by analysis of the individual fractions. Fractionation and subsequent analyses 
were carried out in the absence of air, the gases being pumped off by means of a Toepler pump and 
measured dry. The main fractions obtained were as filows : Fraction I, gases volatile (in a vacuum) 
at — 186°, comprised O,, NO, H,, CO, and CH,; Fraction II, gases volatile at — 120°, comprised CO, 
and N,O; the residue consisted of organic vapours, NO,, etc. The individual fractions were analysed by 
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accepted chemical methods. The pure samples of diazo-oxides were prepared and supplied by Dr. T. M. 
Walters of this De ment. They were dried in a vacuum over potassium hydroxide and phosphoric 
oxide before use. mpounds (I) and (II) were photosensitive and had, therefore, to be dried in the dark. 
Detailed results obtained were as follows: 

(a) 4-Nitrobenzene-2-diazo-1-oxide (I)—Thermal decompositions were carried out at 50°, 60°, 70°, 
and 80°. The gas evolution—time curves were sigmoid in shape (Fig. 1) and decomposition had practically 
ceased when ca. 0-8 mol. of gas Fa mol. of (I) had been given off. The gases evolved on complete 
decomposition at 80° corresponded to 0-84 mol. per mol. of (I) and comprised N,, 89-9; NO, 0-7; CO,, 8-9; 
N,O, 05%. It is assumed that the nitrogen is mainly derived from the diazo-group because it is well 
known that simple aromatic mononitro-compounds are quite stable below ca. 120°. The main reaction 
involves fission of the diazo-nitrogen, together with a small amount of breakdown of the benzene nucleus. 
Analysis of the gas at about half-decomposition indicated that the reactions involved are probably the 
same throughout the decomposition. Decomposition of (I) to which had been added 10% by weight of 
the reddish-black decomposition residue showed that the end-product is not a catalyst for the reaction 
and, as would be expected, the volatile products of decomposition were found to be without effect on the 
characteristics of the breakdown. For decomposition of 0-1 g. at 60°, 70°, and 80°, the times required 
for evolution of half the final gas volume were approx. 71, 17, and 4}, hrs., respectively. It appears, 
therefore, that the temperature coefficient of the reaction over this temperature range is 3-5—4 per 10°. 
Thermal decomposition does not involve complete elimination of diazo-nitrogen; e.g., at 80° only 0-76 
mol. (or 1-52 atoms of N) are obtained. The blackish-red colour of the residue and the very intense red 
colour produced in acetone solution suggest that some coupling had occurred to form a comparatively 
stable product. 

(b) 5-Nitrobenzene-2-diazo-1-oxide (II1).—Typical volume-time curves for thermal breakdown at 60° 
and 70° are shown in Fig. 2. The rate of thermal decomposition was meme greater than that of 
(I) as is shown by the fact that at 70° the times for evolution of 4 mol. of gas per mol. of (I) or (II) were 
20-2 and 6-5 hrs., respectively (0-1 g. tested in each case). The volume-time curve at 60° is sigmoid, 
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although not as markedly so as with (I), probably owing to the slow decomposition of the latter at this 
temperature. Complete decomposition at 70° gave 0-77 mol. of gas/mol. of (II), and the composition of 















































Fie. 2. Fic. 3. 
20 
9 
70° e be 
N - 14. 
- 6 .<) ’ 
= 8 I> 3 
8 60° @ 101-'* 
8 > | > 
S Pt *% | 8 
33 7" - 
es a 
= 
0 
°0 20 40 0 50 100 
Time, hours. Time, hours. 
5-Nitrobenzene-2-diazo-1-oxide. 2-Nitrobenzene-4-diazo-1-oxide at 99-1°. 


this gas was: N,, 92-0; CO,, 7-1; N,O, 0-3; NO, 06%. After partial decomposition, the composition 
of the gases evolved was practically the same, indicating that the same main reaction is occurring through- 
out the decomposition. Of the original diazo-nitrogen 
Fic. 4. only 0-71 mol. (1-42 atoms of N) is eliminated. As with 
40° (I), it is probable that some coupling takes place with 
| the formation of a comparatively stable product con- 
Gl- &2(period of decay)| taining the residual diazo-nitrogen. 
A- k; (period of (c) 2-Nitrobenzene-4-diazo-l-oxide (III).—Therma 
acceleration) decompositions were conveniently carried out in the 
range 90—120° and sigmoid volume-time curves were 
obtained (Fig. 3). On “‘ complete ’’ decomposition at 
120°, 1-09 mols. of gas per mol. of (III) were eliminated ; 
the composition of these gases was: N,, 90-0; N,O, 1-0; 
= CO,, 7-6; CO, 1-4%, indicating that approximately 0-99 
50 mol. of diazo-nitrogen is eliminated per mol. of (III). 
From comparison of the time taken to evolve } mol. of 
gas per mol. of (III), a temperature coefficient of 3-5— 
4 per 10°, for the range 90—110°, was obtained. 
(d) 4: 6-Dinitrobenzene-2-diazo-1-oxide (IV).— 
260 270 280 Thermal decompositions were studied in the range 
10/T. 110—120°; typical sigmoid volume-time curves are 
shown in Fig. 5. The amount of gas evolved on 
** complete ’’ decomposition is about 1} mol. per mol. of (IV), z.e., far greater than can be accounted for by 
elimination of the diazo-nitrogen. The composition of the gases was: N,, 61-5; NO, 3-0; N,O, 4-0; 
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CO, 2:5; CO,, 280%, together with a trace of organic vapours; these results indicate that some 
breakdown and rearrangement of the benzene nucleus occurs, in addition to loss of diazo-nitrogen. 
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(e) 2 : 6-Dinitrobenzene-4-diazo-1-oxide (V).—The characteristics of thermal decomposition are similar 
to those of (IV) and the sigmoid volume-—time curves obtained are illustrated in Fig. 5. Compound (V) 
is, however, considerably more stable than (IV); ¢.g., 1 mol. of gas is evolved per mol. of (V) in ca. 121 
hrs. at 120°, whilst under the same conditions (IV) evolves this amount of gas in 18 hrs. More gas is 
evolved on “ complete ’’ decomposition than can be accounted for by elimination of diazo-nitrogen, and, 
as with (IV), analysis of this gas indicates that partial breakdown of the benzene nucleus occurs. 
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307. Studies in the Terpenes. Part I. A Synthesis of 
dl-2 : 2 : 3-T'rimethylcyclohexane-l-carboxylic Acid. 


By R. N. CHAKRAVARTI. 


Manasse and Samuel’s keto-acid, obtained by the rearrangement of camphorquinone, was 
previously reduced by the author to a saturated acid, C,,H,,0,, the structure of which has now 
been finally settled by a direct synthesis. It has also been found that methyl 2-methylcycio- 
pentan-l-ol-l-carboxylate leads to a mixture of 2: 2: 3-trimethyl- and 2: 2: 6-trimethyl- 
cyclohexanone by pinacolic change. 


In their classical researches on the action of concentrated sulphuric acid on camphorquinone, 
Manasse and Samuel (Ber., 1897, 30, 3157; 1902, 35, 3831) obtained a dextrorotatory acid, 
C,9H,,03;, which was found to have the structure (I) or (II). Of these (II) was preferred as the 
substance failed to given an isonitroso-compound (Gibson and Simonsen, J., 1925, 127, 1295). 
Later researches on the action of bromine on the keto-acid, however, revealed that it should 
be represented as d-2: 2: 3-trimethylcyclohexan-4-one-l-carboxylic acid (I) (Bhagvat and 
Simonsen, J., 1927, 77; cf. Bredt-Savelsberg, Zaunbrecher, and Knieke, Ber., 1927, 60, 1801). 


CHMe co sang 
0 ‘pate (fate Me, cf Me, 
H, CH-CO,H H, CH-CO,H ty H-CO,H 
\ chi, : Naf, CH, 
(I.) (II.) (III.) 


The dil-modification of this acid was prepared in an analogous manner starting from 
dl-camphorquinone (Chakravarti, ]. Indian Chem. Soc., 1943, 20, 301). The first clear evidence 
for the presence of a ketomethylene grouping in the molecule was supplied by the author (oc. 
cit.) when it was found that the corresponding ethyl ester (as I) readily reacted with ethyl 
oxalate in presence of sodium ethoxide, leading to the formation of an oxalyl derivative. It 
was also noted that the inactive keto-acid on reduction with amalgamated zinc and concentrated 
hydrochloric acid gave an acid, C,g.H,,O, (Chakravarti, Joc. cit.; see also Experientia, 1947, 8, 
27), which, on the basis of formula (I) for the keto-acid, should be represented as 
dl-2 : 2 : 3-trimethyleyclohexane-l-carboxylic acid (III). Additional support for the correctness 
of structure (III) for the reduced acid was afforded by the dehydrogenation of the corresponding 
methyl ester with selenium to give a mixture of o-xylene and o0-xylene-3-carboxylic acid. 

While experiments are in progress for a complete synthesis * of the keto-acid (I), it has now 
been possible to confirm the structure of the reduced acid as (III) by the following unambiguous 
synthesis. 

Methyl 2-methylcyclopentan-1-ol-1-carboxylate (IV) was allowed to react with excess of 
methylmagnesium iodide (cf. Meerwein and Unkel, Annalen, 376, 152; Chakravarti, J. Indian 

* A partial synthesis of the keto-acid (I) has alread m described (Chakravarti, loc. cit.). The 
claim of Guha and Dasgupta (J. Indian Inst. Sci., 1939, 30.4. XX, 255) for a complete synthesis of this 
keto-acid cannot be justified, as the properties of the synthetic acid described by them are 
wholly inconsistent with those of the dj-modification of the acid prepared from dl-camphorquinone. 
The reason is obvious, since, owing to their wrong method of preparation, the product used by them as 
ethyl a-cyanoglutarate consisted almost wholly (more than 90%) of yl y-cyanopentane-aye- 
1994, 17, 183). (cf. Perkin, J., 1904, 85, 417; Ruzicka, Borges de Almeida, and Brack, Helv. Chim. Acta, 

For a conversion of santenonequinone into 2 : 3-dimethylcyclohexan-l-one-4-carboxylic acid and a 
complete synthesis of the latter, see Chakravarti, ]. Indian Chem. Soc., 1944, 21, 319, 322. 
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Chem. Soc., 1943, 20, 398) to give the pinacol (V). This, on distillation with an aqueous solution 
of oxalic acid, gave a mixture of the isomeric trimethylceyclohexanones (VI) and (VII) by 
pinacolic change (cf. Meerwein and Unkel, Joc. cit.) together with a little non-ketonic product, 
possibly a mixture of unsaturated hydrocarbons formed by the simple process of dehydration 
of (V). 


CH, CH, CH, CHMe 
& : a 
H, CHMe CH, CHMe H, CHMe H, CMe, 
H,—C(OH)-CO,Me CH,—C(OH)-CMe,OH H, CO H, CO 
\ a 
(IV.) (V.) CMe, ch, 
(VI.) (VII.) 


2:2: 3-Trimethylcyclohexanone (VII) had been previously obtained together with 
2:3: 6-trimethylcyclohexanone by methylation of 2 : 3-dimethylcyclohexanone with sodamide 
and methyl iodide (Cornubert and Maurel, Bull. Soc. chim., 1931, 49, 1520). The pure ketone 
(VII), however, was not obtained, but its presence in the mixture was proved by the isolation 
of a benzylidene derivative. The inactive modification of the other ketone, 2 : 2 : 6-trimethyl- 
cyclohexanone (VI), was isolated from oil of labdanum by Masson (Compt. rend., 1912, 154, 518), 
who characterised it by the preparation of a semicarbazone, an oxime, and a monobromo- 
derivative. 

In the present instance, the two ketones were separated from the mixture by condensation 
with ethyl oxalate in presence of sodium ethoxide; according to expectation, only 
2:2: 3-trimethyleyclohexanone (VII) furnished an oxalyl derivative (VIII). This oxalyl 
derivative was separated from the neutral matter, and from the latter a semicarbazone was 
prepared which on hydrolysis with dilute hydrochloric acid gave pure 2: 2 : 6-trimethylcyclo- 
hexanone (VI). This gave an oxime, and in carbon disulphide solution reacted with bromine to 
give a monobromo-derivative. 

The oxalyl derivative (VIII) on prolonged boiling with concentrated hydrochloric acid gave 
2:2: 3-trimethylcyclohexanone (VII) (semicarbazone, benzylidene derivative). (VII) combined 
almost quantitatively with hydrogen cyanide in presence of a trace of alkali to give a crystalline 
cyanohydrin (IX), which was smoothly dehydrated with excess of phosphorus oxychloride and 
pyridine to 1-cyano-2 : 2 : 3-trimethylcyclohex-6-ene. This, unlike similar nitriles, was unchanged 
by prolonged boiling with concentrated hydrochloric acid (cf. Chakravarti, J. Indian Chem. Soc., 
1943, 20, 246, 401) or with aqueous or alcoholic potassium hydroxide (cf. Cook and Linstead, 
J., 1934, 959; King and Robinson, J., 1941, 467), but was hydrolysed by 50% sulphuric acid to 
2: 2: 3-trimethylcyclohex-6-ene-1-carboxylic acid (XI). 


CHMe CHMe CHMe CHMe 
A. * ZN i a 
H, Mes CH, CMe, H, CMe, CH, CMe, 
a fe) CH, C(OH)-CN H, “CN cH, © CO.H 
\cfi-co-co, Et \ofi, Nc Neh 
(VIII.) -(IX,) (X.) (XI.) 


Catalytic hydrogenation of the unsaturated acid (XI) in acetic acid solution in presence of 
Adams's catalyst gave the desired acid (III) (p-phenylphenacy] ester). 


EXPERIMENTAL. 


2-Methylcyclopentan-1-ol-1-carboxylic acid (as IV) was prepared by the method of Wallach (Annalen, 
414, 314) with some useful modifications. 

The bromination of 2-methylcyclohexanone was carried out under the conditions described by Wallach. 
After the bromination was complete, however, the acetic acid solution was poured on crushed ice with 
stirring. The dibromo-ketone separated out as a viscous liquid, which soon solidified. It was filtered 
off at the pump and washed well with water. The crude product appeared to be rather unstable, as it 
darkened on keeping, and was always immediately decomposed with alkali in the following way. 

The crude dibromo-ketone as cvuiained from 11-2 g. of 2-methyleyclohexanone was treated with a 
solution of potassium hydroxide (30 g.) in water (75 c.c.) with shaking, when it readily went into solution 
with evolution of much heat (some cooling under the tap is necessary as otherwise the product may 
darken). The solution was gently refluxed on a sand-bath for 45 minutes and then cooled and extracted 
twice with ether to remove some neutral matter. The alkaline solution was cooled and acidified, when 
the hydroxy-acid (as IV) separated as a crystalline solid (10-5 g.). The filtrate was saturated with salt 
and extracted with ether, when a further quantity (about 2 g.) of the acid was obtained. The total 
yield was directly converted into the methyl ester with methyl alcohol and sulphuric acid. Methyl 
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2-methylcyclopentan-1-ol-1-carboxylate (IV) was obtained as a colourless liquid (12 g.), b. p. 94°/20 mm. 
(Found: C, 60-4; H, 8-6. C,H,,O, requires C, 60-7; H, 8-8%). 

The Pinacol (V).—A solution of methyl 2-methylcyclopentan-1-ol-1-carboxylate (15-8 g.) in dry ether 
(25 c.c.) was added dropwise with thorough mixing to an ice-cold solution of methylmagnesium iodide 
prepared from methyl iodide (26 c.c.) and magnesium (9-6 g.) in ether (75 c.c.). After being kept 
overnight at the room temperature, the mixture was refluxed on the water-bath for 14 hours with frequent 
shaking. The product was well cooled and cautiously decomposed with ice and dilute sulphuric acid. 
The ethereal layer was separated and the aqueous layer repeatedly extracted with more of the same 
solvent. The extract was washed with dilute sodium hydroxide solution to remove traces of iodine, and 
dried (Na,SO,). The oily liquid obtained after the removal of ether gave the pinacol (V) as a mobile 
liquid with a strong camphor-like odour (14 g.), b. p. 110°/19 mm. (Found: C, 68-1; H, 11-5. C,H,,0, 
requires C, 68-3; H, 11-4%). 

Action of Hot Aqueous Oxalic Acid on the Pinacol (V).—The above product (41 g.) with a 10% aqueous 
solution of oxalic acid (400 c.c.) was distilled slowly from a flask on a sand-bath. The level of liquid in 
the flask was kept constant by adding water through a tap funnel as the distillation proceeded. The 
heating was stopped when there were no more oily drops coming over with the distillate. The total 
distillate (ca. 500 c.c.) was extracted with ether. The ethereal extract was dried (K,CO,) and the 
solvent was evaporated. The liquid remaining, on distillation, gave a mixture (35 g.), b. p. 170—200°. 

This mixture (21 g.) was mixed with ethyl oxalate (22 g.) and added dropwise during 2 hours with 
shaking to a solution of sodium (3-5 g.) in absolute alcohol (45 c.c.) cooled in a freezing mixture. It was 
then kept overnight. The product was worked up by adding ice-water and extracting the alkaline 
solution with ether. From the ethereal solution about 7-5 g. of the neutral unchanged matter (A) were 
recovered, b. p. 165—190°. The aqueous alkaline solution was acidified with ice-cold dilute sulphuric 
acid and the separated oil taken up in ether. The extract was washed with water, and then, after 
evaporation of the solvent, gave the oxalyl derivative (VIII) as an oil (18 g., containing traces of the 
solvent). 

The neutral matter (A) obtained above, after distillation, was heated with semicarbazide acetate in 
aqueous alcohol. On cooling, the semicarbazone of 2 : 2 : 6-trimethylcyclohexanone separated (3-5 g.). 
It was obtained pure after two crystallisations from methyl alcohol, m. p. 218° (Masson, Joc. cit., gives 
220—221°) (Found: C, 61-0; H, 9-6. Calc. for C,,H,ON,: C, 60-9; H, 96%). The pure 
semicarbazone on hydrolysis with dilute hydrochloric acid gave pure 2 : 2 : 6-trimethylcyclohexanone | 
(VI) as a volatile liquid with a camphor-like odour, b. p. 180° (Masson, /oc. cit., gives b. p. 178—179°) 
(Found: C, 76-7; H, 11-6. Calc. for C,H,,0: C, 77-1; H, 114%). It gave an oxime, m. p. 105° 
(Masson, /oc. cit., gives m. p. 106°) (Found : C, 69-6; H, 10-9. Calc. forC,H,,ON : C, 69-6; H, 10-9%), 
and in carbon disulphide solution it reacted with only one mol. of bromine to give a 
monobromo-derivative, m. p. 41° (Masson, loc. cit., gives.m. p. 41°), with evolution of HBr. The 
monobromo-derivative is very similar to camphor in odour (Found: C, 49-1; H, 6-8; Br, 37-2. Calc. 
for C,H,,OBr~> C, 49-3; H, 6-8; Br, 36-5%). 

The mother liquor obtained above in the preparation of the semicarbazone gave 3-5 g. of a volatile 
liquid with a terpene-like smell. This appeared to be a mixture of unsaturated hydrocarbons, but was 
not further investigated. 

Hydrolysis of the Oxalyl Derivative (VIII).—The crude oxalyl derivative obtained above was directly 
hydrolysed by refluxing it with 20% hydrochloric acid for 48 hours The liquid was then distilled till 
the distillate was free from oily drops. The distillate was extracted with ether and the extract dried 
(K,CO,) and fractionated. 2: 2: 3-Trimethylcyclohexanone (VII) was obtained as a colourless liquid 
with camphoraceous odour (9 g.), b. p. 191° (Found: C, 76-8; H, 11-5. C,H,,O requires C, 77-1; H, 
11-4%). With semicarbazide acetate in aqueous alcohol it readily gave a semicarbazone crystallising in 
plates from methyl alcohol, m. p. 214° (mixed m. p. with the semicarbazone of 2 : 2 : 6-trimethylcyclo- 
hexanone, 180—185°) (Found: C, 60-9; H, 9-6. C,).H,,ON; requires C, 60-9; H, 96%). The 
benzylidene derivative separated from methanol in light yellow needles, m. p. 85° (Found: C, 84-0; H, 
8-6. Calc. for C,g,H,O: C, 84:2; H, 8-7%). 

1-Cyano-2 : 2 : 3-trimethylcyclohex-6-ene (X).—2 : 2 : 3-Trimethylcyclohexanone (6 g.) was allowed to 
react with excess of hydrogén cyanide at a low temperature in presence of a drop of potassium cyanide 
solution. After 10 hours the cyanohydrin was stabilised with a drop of sulphuric acid and the excess of 
hydrogen cyanide sucked off at the pump, when the product solidified. A small portion of this substance 
after drying on a porous plate was crystallised from light petroleum, when the pure cyanohydrin (IX) 
was obtained in colourless needles, m. p. 111°. 

The crude cyanohydrin was refluxed for an hour in an oil-bath with excess of phosphorus oxychloride 
(18 c.c.) and dry pyridine (60 c.c.). It was then cooled and carefully decomposed with ice—water and 
acidified with hydrochloric acid. By repeated extraction with ether, l-cyano-2 : 2 : 3-trimethylcyclo- 
hex-6-ene (X) was isolated as a colourless liquid (6 g.) with an odour similar to that of phenyl cyanide, 
b. p. 119°/30 mm. (Found : C, 80-2; H, 9-8. C,.H,,N requires C, 80-5; H, 10-0%). 

2:2: 3-Trimethylcyclohex-6-ene-1-carboxylic Acid (XI).—The unsaturated nitrile obtained above 
appeared to be particularly resistant to boiling concentrated hydrochloric acid or aqueous or alcoholic 
potassium hydroxide. It was hydrolysed by gently heating it on a sand-bath for 48 hours with 50% 
sulphuric acid. In this way a yield of 73% of the unsaturated acid (XI) was obtained. A little neutral 
matter was also recovered. 2:2: 3-Trimethylcyclohex-6-ene-1-carboxylic acid (XI) crystallised from 
methyl alcohol in colourless plates, m. p. 135° (Found: C, 71-1; H, 9-4. C,)H,,O, requires C, 71-4; 
H, 9-5%). 

2: e 3-Trimethylcyclohexane-1-carboxylic Acid (III).—The unsaturated acid obtained above was. 
hydrogenated in acetic acid solution in presence of Adams’s catalyst. The product had b. p. 110°/3 mm. 
On being kept in the ice-chest it solidified completely. 2: 2 : 3-Trimethylcyclohexane-l-carboxylic acid 
(III) crystallised from methanol, at a low temperature, in shining plates, m. p. 58°, undepressed in 
admixture with the reduced acid (III) as obtained previously (Found: C, 70-5; H, 10-6. Calc. for 
C,o9H,,0,: C, 70-6; H, 10-6%). 
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The p-phenylphenacy] ester of the synthetic acid had m. p. 114°, undepressed in admixture with the 
oer a at ester of the reduced acid (III) (Found: C, 79-1; H, 7-6. Calc. for C,gH,,0;: C, 
79:1; H, 7:7%). 


My best thanks are due to Prof. J. C. Bardhan for encouragement and to Mr. J. Chakraverti for 
facilities. 
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308. The Preparation and Properties of Triarylstibines. 
By J. I. Harris, S. T. BowpEn, and W. J. Jongs. 


The influence of nuclear substituents on the reaction of phenylmagnesium halides with 
antimony trichloride has been examined, and triphenylstibines containing methoxyl, ethoxyl, 
phenoxyl, chlorine, and bromine as substituents have been prepared. Attempts have 
been made to prepare tri-B-naphthylstibine through the interaction of B-naphthylmagnesium 
iodide and antimony trichloride. A preliminary examination has been made of the thermal 
stability of the triphenylstibines. 


THE reaction between a substituted phenylmagnesium halide and antimony trichloride has not 
been studied extensively, and little information is available concerning the influence of nuclear 
substituents on the properties of triarylstibines. Under ordinary conditions in ethereal solution 
the reaction between 1 mol. of antimony trichloride and 3 mols. of arylmagnesium halide leads 
to the formation of the tertiary stibine, SbAr,, and there appears to be no record of the formation 
of the diarylstibinous chloride, SbAr,Cl, in reactions of this type. In the present investigation, 
however, it was found that di-o-anisylstibinous chloride and tri-o-anisylstibine were produced 
when the antimony halide and o-anisyImagnesium bromide reacted in ethereal solution at 40°. 
It is noteworthy that Makin and Waters (J., 1938, 843) found that triarylstibine dichlorides, 
SbAr,Cl,, triarylstibines, and diarylstibinous chlorides were generally produced when diazonium 
chlorides reacted with antimony under,acetone. From bases containing o-substituents, only 
traces of quinquevalent antimony compounds were formed, the main products being the 
triarylstibines accompanied by a smaller quantity of the diarylstibinous chloride, and it was 
suggested that the non-formation of quinquevalent antimony compounds may be due to steric 
hindrance. In the Grignard synthesis, however, there is no possibility of the formation of 
triarylstibine dichloride, and though the conversion of di-o-anisylstibinous chloride into the 
tertiary stibine may be affected to some extent by steric hindrance, it is evident that this is a 
subsidiary factor in view of the fact that o-phenetylmagnesium bromide reacts with antimony 
trichloride to give a relatively high yield of tri-o-phenetylstibine. 

Previous workers have experienced some difficulty in preparing m-substituted tripheny]l- 
stibines by the Grignard synthesis. Thus Challenger and Pritchard (j., 1924, 125, 869) were 
able to isolate only tri-m-tolylstibine hydroxychloride in an attempted preparation of tri-m- 
tolylstibine, and Goddard (J., 1923, 123, 2319) found that the Grignard method gave a low 
yield of tri-m-xylylstibine although the compound may be obtained in high yield by the action 
of sodium on 4-bromo-m-xylene and antimony trichloride. In the present work, it was found 
that m-anisylmagnesium iodide reacted smoothly with antimony trichloride to form ¢ri-m- 
anisylstibine in good yield. The fact that tri-p-phenoxyphenylstibine was obtained in fair yield 
by the Grignard synthesis shows that a phenoxyl group does not interfere appreciably with 
the normal formation of a tertiary stibine. 

A chlorine atom in the p-position was found to have little effect on the course of the reaction, 
and the yield of tri-p-chlorophenylstibine was good. O’Donnell (Iowa State Coll. J. Sci., 1945, 
20, 34) has reported that tri-p-bromophenylstibine prepared by the Grignard method is obtained 
as an oil which can only be converted into crystals, m. p. 134—135°, by inoculation with a 
specimen of the stibine prepared by reduction of the stibine dichloride, m. p. 184—-185°. In the 
present investigation tri-p-bromophenylstibine was obtained as an oil from which a small 
amount of the crystalline stibine, m. p. 108—109°, was isolated. This material in alcoholic 
solution gave on treatment with cupric chloride the stibine dichloride, m. p. 200—201°, which 
agrees with the value given by Makin and Waters (loc. cit.), who prepared the dichloride from 
the diazonium salt and metallic antimony. 

The only information given in the literature concerning the thermal stability of triaryl- 
stibines is that triphenylstibine undergoes some decomposition when distilled under ordinary 
pressure (Michaelis and Reese, Annalen, 1886, 233, 48) and that tri-p-diphenylylstibine decom- 
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poses at the boiling point with formation of antimony, diphenyl, and other products (Worrall, 
J. Amer. Chem. Soc., 1930, 52, 2048). A survey has therefore been made of the behaviour of 
triarylstibines at high temperature in nitrogen and in oxygen. When triphenylstibine is kept 
at 320° in nitrogen for 3 hours it decomposes into benzene, diphenyl (10%), free antimony 
(17%), and a non-crystallisable antimony compound. The formation of the hydrocarbons. 
arises through the rupture of the Sb-C linkage and the subsequent hydrogenation and dimeris- 
ation of the free phenyl radicals to form benzene and diphenyl, respectively. The dispropor- 
tionation of the radical SbPh,, the dimeric form of which has been prepared by Blicke (J. Amer. 
Chem. Soc., 1931, 58, 1025), is doubtless responsible for the liberation of free antimony and the 
formation of the complex antimony compound. When triphenylstibine is heated in a sealed 
tube at 360° for 3 hours, only 9% of the antimony appears in the free state and the amount of 
diphenyl formed is small. The decomposition is thus facilitated by removal of the more volatile 
products from the reaction system. 

An indication of the thermal stability of a triarylstibine may be obtained by observing the 
temperature at which the melt becomes turbid when heated in nitrogen. The different influence 
of o-methoxyl and m-methoxy] is reflected in the low and the high decomposition temperature, 
respectively, of tri-o- and tri-m-anisylstibine as compared with that of triphenylstibine. Tri-o- 
phenetylstibine also has a relatively low decomposition temperature. Nuclear chlorine or 
bromine does not greatly affect the decomposition temperature but the rate of decomposition is. 
materially reduced. The decomposition temperatures of the triarylstibines in oxygen do not 
differ appreciably from those in nitrogen, but the rate of reaction is much higher. The behaviour 
towards oxygen, which is so markedly different from that of the trialkylstibines, shows that the 
tendency of the antimony atom to increase its 3-covalency is greatly reduced by the presence 
of aryl groups. 

The triarylstibines form dihalides, SbAr,X,, in which the halogen atoms are probably 
attached to the antimony atom by resonance linkages of the type known to occur in the trialkyl- 
stibine dihalides (Wells, Z. Krist., 1938, 99, 367). All the dichlorides and dibromides, except 
the tri-o-phenetyl derivatives, melt without appreciable decomposition. The majority of the 
alkyloxy- and halogeno-substituted triphenylstibine di-iodides not only melt with decomposition 
but darken below the melting point. 

Tri-o-chlorophenylstibine, tri-p-chlorophenylstibine, and tri-p-bromophenylstibine are similar 
to triphenylstibine inasmuch as they do not form a stable addition compound with mercuric 
chloride at ordinary temperature. It appears that such a compound is formed as an unstable 
intermediate which undergoes disproportionation into the arylmercuric chloride, HgArCl, and 
antimony trichloride. The inhibitory influence of alkyloxy- and methyl substituents upon this 
reaction is much greater than that of halogen substituents. 


EXPERIMENTAL. 


Tri-o-anisylstibine.—A filtered solution of o-anisylmagnesium bromide (1 mol.) was treated with an 
ethereal solution of antimony trichloride (0-25 mol.). After being boiled for an hour, the mixture was 
poured into ice-water, and the whole filtered. The residue was extracted first with warm ether (this. 
extract being reserved for later treatment) and then with benzene. The stibine was deposited on con- 
ere the benzene solution ; lustrous plates, m. p. 189°, from benzene—chloroform (Found : C, 56-2; 
H, 5-0; Sb, 27-5. C,,H,,O,Sb requires C, 56-9; H, 4-8; Sb, relat 

Di-o-anisylstibinous Chloride——The ethereal extract from the above preparation was concentrated, 
and the deposited chloride, after several crystallisations from cen sa was obtained in plates, 
m. p. 116—117° (Found : Cl, 9-3; Sb, 32-4. C,,H,,0,CISb requires Cl, 9-8; Sb, 32-8%). 

Tri-m-anisylstibine.—m-Anisylmagnesium iodide was treated with antimony trichloride as described 
above. After treatment with ice-water, the ethereal solution was evaporated and the residual oil was. 
subjected to steam-distillation to remove volatile material. From an alcoholic solution of the oil, the 
stibtne separated in plates; yield 50%. The pure stibine had m. p. 88-5—89-0° (Found: C, 56-8; H, 5-0; 
Sb, 27-2. C,,H,,0,Sb requires C, 56-9; H, 4-8; Sb, 27-5%). 

Tri-o-phenetylstibine.—Prepared from o-phenetylmagnesium bromide and antimony trichloride, the 
stibine was obtained in 56% yield; needles, m. p. 123-5—123-8°, from alcohol (Found : C, 59-7; H, 5-6; 
Sb, 252. C,,.H,,O,Sb requires C, 59-4; H, 5-6; Sb, 25-1%). 

Tri-p-phenoxyphenylstibine.—p-Phenoxyphenylmagnesium bromide was prepared by refluxing for 
24 hours p-bromodipheny] ether, ether, and magnesium powder which had been activated in situ by strong 
heating with iodine. To favour completion of the reaction, benzene was added in the latter stages. The 
filtered solution was treated with antimony trichloride as previously described. The stibine was obtained 
as a white solid, m. p. 157°, after repeated crystallisation from alcohol (Found: C, 69-1; H, 45; Sb, 
19-4. C,,H,,0,Sb requires C, 68-7; H, 4:3; Sb, 19-4%). 

Tri-o-chlorophenylstibine—The stibine was prepared from o-chlorophenylmagnesium bromide and 
antimony trichloride, but the yield was very low. After repeated crystallisation from glacial acetic acid 
and then from alcohol—benzene, the compound was obtained in white feathery crystals, m. p. 136—137° 
(Found : Cl, 23-1; Sb, 26-4. C,,H,,Cl,Sb requires Cl, 23-3; Sb, 26-7%). The stibine did not reduce 





1570 The Preparation and Properties of Triarylstibines. 


cupric chloride in alcoholic solution at room temperature, but it reacted with bromine and iodine. The 
stibine did not form a stable mercurichloride. 

Tri-p-chlorophenylstibine.—No appreciable amount of dimagnesium derivative was produced in the 
reaction of p-chlorobromobenzene with magnesium (cf. Bodroux, Compt. rend., 1903, 186, 1138). 
Treatment of p-chlorophenylmagnesium bromide with antimony trichloride gave the stibine; feathery 
csystals, m. p. 99-5—100-5°, from alcohol-benzene (Found: C, 47:3; H, 2-5; Cl, 23-5; Sb, 26-9. 
C,,H,,Cl,Sb requires C, 47-4; H, 2-7; Cl, 23-3; Sb, 26-7%). 

Tri-p-bromophenylstibine.—Interaction of p-bromophenylmagnesium bromide and antimony tri- 
chloride gave a low yield of the stibine; glistening crystals, m. p. 109-8—110-4°, from alcohol—benzene 
(Found: Br, 40-5; Sb, 20-4. Calc. for C,,H,,Br,Sb: Br, 40-6; Sb, 20-6%). The pure stibine was 
very soluble in benzene, ether, and chloroform, but only slightly soluble in light petroleum. It reacted 
with mercuric chloride in alcoholic solution to form a white precipitate which could not be recrystallised 
from the usual solvents. 

Tri-B-naphthylstibine.—B-Iodonaphthalene (Schmidlin and Huber, Ber., 1910, 48, 2829) was con- 
verted into the magnesium derivative, which was treated with antimony trichloride in accordance with 
the usual procedure. After the solution had been boiled for an hour and then treated with ice-water, 
the mixture was filtered. The solid was repeatedly extracted with hot benzene, and after removal of the 
solvent, the residual oil was triturated with ligroin until it solidified. Repeated crystallisation of the 
material from acetone gave the s#ibine as a yellow solid which partly melted at 195° (Found: C, 69-3; 
H, 4:9; Sb, 23-3. C,,H,,Sb requires C, 71-6; H, 4:2; Sb, 242%). The yield was very low and the 
stibine could not be further purified owing to its slight solubility in the usual organic solvents. It did 
not form an addition compound with mercuric chloride and did not reduce cupric chloride, but it reacted 
with light petroleum solutions of bromine and iodine. 

Addition Compounds.—The addition compounds listed in the table were prepared by treating the 
triarylstibine with solutions of cupric chloride, bromine, iodine, or mercuric chloride. Inasmuch as the 
majority of the di-iodides are susceptible to hydrolysis by traces of moisture, all reagents used in their 
preparation were thoroughly dried before use. 


Stibine dichlorides, ArsSbCl,. 


Cryst. form and Found, %- Required, %. 

solvent.* M., p. Cl. Sb. . Cl. Sb. 

White crystals; A 237—238° 14-2 23-4 13-8 23-7 

As above 81-5—82-5 142 23-6 C,,H,,0;C1,Sb 13-8 23-7 

o-Phenetyl Colourless crystals; B 231—232¢ 13:0 22-1 H,,0 12-8 21-9 
p-Phenoxyphenyl Needles; B 106— 107 10-3 16-9 H,,0,C 10-1 17-4 
p-Chlorophenyl ... Needles; C 193-0—193-5 13-5{ 23-1 C,,H;.Cl,Sb 13-5$ 23-1 
p-Bromopheny] ... Needles; B 200—201 10-6 18-3 C,,H,2Br;Cl,Sb 10-7 18-4 


Stibine dibromides, Ar,SbBry.. 

Br. Sb. Br. 
o-Anisyl Glistening crystals; A 225—226 26:8 20-5 C,,H,,0,Br,Sb 26-5 
m-Anisyl Pale yellow needles; B 74:5—75-5 269 20-0 C,,;H,,0;Br,Sb 26-5 
o-Phenetyl As above 237—238 ¢ 24-9 18-8 24-8 
p-Phenoxyphenyl White needles; B 151—152 =. 20-4 15-0 C;,H.,0;B 20-3 
p-Chloropheny! .... Lustrous plates; D 189-5—190-0 26-3 20-0 25-9 
p-Bromopheny] ... Needles; 182 21-5 16-4  ©C,,H,.Br;Sb 21-3t 


Stibine di-iodides, Ar,SbI,. 


o-Anisyl Yellow solid; D 141— 142 ¢ ° . C,,H,,0,;1,Sb 

m-Anisy] Pale yellow plates; B 99-5— 100-0 ° : C,,H,,0;1,Sb 

o-Phenetyl As above 143 ft . : 

p-Phenoxyphenyl As above 140 t+ “é : 

p-Chloropheny!l ... Yellow plates; E 137—138 f od . C,,H,,Cl;1,Sb 
p-Bromophenyl ... Pale yellow needles; C 155—156 fF 29- . C,,H 2Br,1,Sb 


Mercurichlorides, Ar,Sb,HgCl,. 
, Sb. 
o-Anisyl White solid; B 160—161 . 28-5§ C,,H,,0,Sb,HgCl, 
m-Anisy] As above 180 f “3 16-9 C,,H,,0,Sb,HgCl, 
o-Phenetyl As above 170-9 . 16-1 C.,H,,0,Sb,HgC 
~-Phenoxyphenyl White crystals; F 175—176¢ — 13-3 C,,H,;0,Sb,HgCl, 
* A = CHCI,-light petroleum; B = alcohol-chloroform; C = light petroleum; D = carbon tetrachloridc— 
light petroleum; E = alcohol-light petroleum; F = benzene—alcohol. 
+ With decomposition. t Values relate to hydrolysable halogen. § Hg, not Sb. 


Thermal Stability of Triarylstibines—The temperature of the stibine was raised at a rate of 3—4°/min. 
by heating the material in a stream of nitrogen or oxygen in a small vessel provided with a side-tube in 
communication with U-tubes for the condensation of volatile products. The temperature at which 
turbidity first appeared in the molten stibine was taken as the decomposition temperature; those in 
nitrogen and oxygen, respectively, were as follows: triphenylstibine, 250°, 265°; tri-o-anisylstibine, 
200°, 200°; tri-m-anisylstibine, 258°, 260°; tri-o-phenetylstibine, 200°, 205°; tri-o-chlorophenylstibine, 
260°, —; tri-p-chlorophenylstibine, 230°, 265°; tri-p-bromophenylstibine, 262°, 250°; tri-p-phenoxy- 
phenylstibine, 265°, 260°. Although there was generally little difference between the decomposition 
temperatures in nitrogen and in oxygen, the rate of reaction was invariably higher in the latter. 

riphenylstibine (1 g.), maintained at 325° for 3 hours under nitrogen in the above apparatus, gave a 
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small amount of benzene, and diphenyl (0-1 g.). The gr rey residue in the pyrolysis vessel consisted of a 
viscous oil and a finely-divided solid. After being washed with acetone, the solid (0-17 g.) was shown to 
be free ——, (Found : Sb, 99-4%). The acetone solution of the oil gave a positive test for antimony, 
but no solid product could be isolated. 

Triphenylstibine (10 g.) was maintained at 360° in a sealed tube for 3 hours. On cooling, the tube was 
found to be free from excess pressure, and the af er product consisted of free antimony (0-3g. Found: 
Sb, 99-3%) and a pale green viscous liquid. e latter on fractionation gave triphenylstibine (8-4 g.) 
and a residue which could not be crystallised. In a repetition of the experiment, the pyrolysis product 
was subjected to steam-distillation, but the amount of diphenyl] isolated was small. 


TATEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, January 24th, 1947.) 





309. The Synthesis of «-Amino-y-(p-hydroxyphenyl)butyric Acid, a 
Homologue of Tyrosine. 
By W. CHARLES Evans and NORMAN WALKER. 


Because of the known intermediate formation of indole derivatives in the in vitro production 
of melanin from tyrosine under the influence of tyrosinase, it became of interest to study the 
action of this enzyme on the next higher homologue of tyrosine. By this means it seemed 
possible that data relating to the analogous formation of quinoline compounds by enzyme action 
might be obtained 

a-Amino-y-(p-hydroxypheny]) butyric acid has been synthesised by two different routes, 
and some related intermediate compounds are described. 


TueE elucidation of the series of chemical reactions involved in the formation of melanin from 
tyrosine under the influence of the enzyme tyrosinase has been the subject of several investig- 
ations (see Raper et al., Physiol. Rev., 1928, 8, 245; Evans and Raper, Biochem. J., 1937, 31, 
2162; Clemo and Weiss, J., 1945, 702). In the presence of tyrosinase, a number of compounds 
structurally related to tyrosine, and possessing great physiological interest (e.g., adrenaline, 
epinine, tyramine, etc.) are oxidised and give rise, where the side-chain configuration allows, to 
indole compounds, the formation of which has been established in most cases (Duliére and 
Raper, Biochem. J., 1930, 24,259). Itis generally assumed that the o-quinone of 3 : 4-dihydroxy- 
phenylalanine undergoes ring closure spontaneously, without mediation of the enzyme. With 
esters of tyrosine, however, and compounds where the amino-group is fully alkylated, including 
quaternary ammonium salts, ring closure does not take place after quinone formation, although 
additional oxygen is utilised, the subsequent course of the reaction being unknown. It is clear 
from the work of Bloch and Schaaf (Biochem. Z., 1926, 162, 181) and of Heard and Raper 
(Biochem. J., 1933, 27, 36) that under changed conditions of pH and temperature, side reactions 
occur to a greater or less extent, a fact which the latter authors deem important in relation to 
the biochemical origin of adrenaline from tyrosine or some similar precursor. 

a-Amino-y-(p-hydroxyphenyl)butyric acid has been synthesised in order to study the action of 
tyrosinase on it, with particular reference to the fate of the side chain. If the reaction follows 
an analogous course to the tyrosine—-tyrosinase system, the eventual formation of quinoline 
derivatives would be expected. 

Attempts to effect the condensation of ~-methoxyphenylacetaldehyde with hippuric acid, 
acetylglycine, or hydantoin failed to yield the anticipated derivatives of «-amino~y-(p-methoxy- 
phenyl)butyric acid, in spite of a large variety of experimental conditions. 

Two alternative methods for the synthesis of a-amino~y-(p-hydroxypheny]) butyric acid were 
employed : (a) 8-(p-Methoxyphenyl)propionitrile, prepared from anisaldehyde, was reduced by 
stannous chloride under the usual conditions of the Stephen reaction to yield p-methoxy- 
phenylpropaldehyde, which, when condensed with ammonium cyanide, followed by hydrolysis 
of the resulting aminocyanohydrin, afforded «-amino-y-(p-methoxyphenyl)butyric acid. The 
latter compound was demethylated by treatment with hydriodic acid and red phosphorus in the 
usual manner to yield the desired amino-acid. 

(b) 2-(p-Aminophenyl)ethyl bromide, obtained by reducing the corresponding nitro-com- 
pound, was converted into 2-(p-hydroxyphenyl)ethyl bromide by diazotisation of the amino- 
group followed by hydrolysis of the diazonium compound in the usual manner. The hydroxy- 
compound was condensed with the sodio-derivative of benzamidomalonic ester in anhydrous 
ethanol (cf. Redemann and Dunn, J. Biol. Chem., 1939, 130, 341), and hydrolysis of the con- 
densation product with aqueous hydrobromic acid gave the desired «-amino-y-(p-hydroxy- 
phenyl)butyric acid. The results of the investigation on the action of tyrosinase on this amino- 
acid will be reported later. 
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EXPERIMENTAL. 
(All m. ps. are uncorrected.) 


p-Methoxyphenylpropionitrile (cf. Goldschmidt and Fraenkel, Monatsh., 1914, 35, 283).—p-Meth- 
oxyphenylpropionamide (6 g.), obtained by the method of Barger and Walpole (J., 1909, 95, 1724), 
dissolved in dry xylene, was boiled vigorously whilst phosphoric oxide (12 g.) was added in small portions 
with shaking. The mixture was boiled under reflux for 15 minutes, the reaction liquid filtered, and the 
xylene removed by distillation under reduced pressure on the water-bath. The residue was distilled 
under reduced pressure, and the fraction, b. p. 160—165/13 mm. (3 g., yield 50%), was collected. It 
was a colourless oil possessing a characteristic smell. 

p-Methoxyphenylpropaldehyde.—Finely powdered anhydrous stannous chloride (10 g., 1-5 mols.) 
was suspended in dry ether (25 c.c.), cooled in ice and saturated with dry hydrogen chloride, until a 
homogeneous solution was obtained. p-Methoxyphenylpropionitrile (5 g., 1 mol.) was then added, the 
reaction mixture shaken vigorously, and the stoppered reaction vessel set aside at room temperature 
overnight. The white, crystalline aldimino-stannichloride which separated was collected on a dry 
filter, and washed with dry ether. It was hydrolysed to the aldehyde by suspension in warm water made 
definitely alkaline with aqueous sodium carbonate, followed by extraction with ether. The ethereal 
solution was dried (Na,SO,), and the solvent removed. The oily residue was distilled under reduced 
pressure, giving p-methoxyphenylpropaldehyde, b. p. 130—135°/15 mm. (4-8 g., 90%). On condensation 
with semicarbazide hydrochloride in the usual way, it gave a semicarbazone, which on crystallisation 
from benzene afforded white needles, m. p. 140—142° (Found : C, 59-2; H, 7-0; N, 18-7. C,,H,,0,N, 
requires C, 59-1; H, 6-8; N, 19-0%). This aldehyde could also be obtained, in poor yield, by distillation 
under reduced pressure of an intimate mixture of the barium salt of -methoxyphenylpropionic acid with 
barium formate and silver sand. 

a-Amino-y-(p-methoxyphenyl)butyric Acid.—A modification of Strecker’s synthesis due to Lapworth 
and Cocker (J., 1931, 1371) was employed. -Methoxyphenylpropaldehyde (4-5 g. 1 mol.) was added 
gradually, with stirring, to a well-cooled solution of ammonia (0-9 g., d 0-88, 2 mols.) and hydrogen cyanide 
(1-4 g., 2 mols.). The reaction mixture was shaken mechanically at room temperature for several hours, 
and left for 2 days to attain equilibrium. To the mixture, which had now darkened appreciably, was 
slowly added excess of sulphuric acid (40% w/v; 5—7 mols.). Hydrolysis was effected by heating for 3 
hours at 125° until a test — of the solution gave no reaction for ferrocyanide with excess of sodium 
hydroxide and ferrous hydroxide. The solution was diluted with several times its volume of water, and 
powdered barium carbonate (A.R.) was gradually added until the mixture was definitely alkaline to 
litmus. Steam was through the boiling solution until all the ammonia had been driven off. The 
bulky precipitate of barium sulphate was filtered off, and well washed with boiling, very dilute aqueous 
sulphuric acid. The combined filtrates were treated with powdered lead carbonate until effervescence 
ceased, and the solution no longer showed an acid reaction to Congo-red, the mixture filtered, and the 
residue of lead sulphate washed with water. The combined filtrate and washings were saturated with 
hydrogen sulphide, the lead sulphide removed, and the filtrate concentrated to a small bulk (50 c.c.). 
The concentrate was decolorised (norite) and filtered, and on further concentration and cooling, a white 
crystalline solid separated. After recrystallisation from aqueous alcohol the amino-acid formed needles 
(2 g., 35%), m. p. 245—246° (Found, C, 63-1; H, 6-9; N, 6-75. C,,H,,0O,N requires C, 63-2; H, 7-1; 
N, 6-7%). 

a-Amino-y-(p-hydroxyphenyl)butyric Acid—The above methoxy-acid was demethylated by the 
method of Harington and McCartney (Biochem. J., 1927, 21, 852), the acid (5 g.), red phosphorus (5 g.), 
hydriodic acid (25 c.c., d 1-7), and acetic anhydride (25 c.c.) being boiled together under reflux for 1-5 
hours. The reaction mixture was filtered through asbestos-wool, the phosphorus well washed with 
glacial acetic acid, and the filtrate evaporated to dryness in a vacuum. Water was then added, and the 
evaporation repeated. The residue was taken up in a little water, and sufficient lead carbonate added just 
to neutralise the trace of acid present and to remove the iodine. The precipitate was filtered off and 
washed thoroughly with distilled water, the filtrate saturated with hydrogen sulphide, the lead sulphide 
removed, and the clear filtrate decolorised (norite) and concentrated to small bulk. On cooling, crystals 
soon developed, which were collected and recrystallised twice from boiling water, whence a white 
micro-crystalline powder was obtained (1-5 g.) m. p. 265° (Found, C, 61-5; H, 6-7; N, 7-2. CyH,;0,;N 
requires, C, 61-5; H, 6-66; N, 7:18%). The amino-acid on treatment with a solution of diazotised 
o-chloroaniline gave a red azo-compound. Nitrogen was evolved on treatment with cold nitrous 
acid. 

p-(2-Bromoethyl)aniline Hydrochloride.—2-(p-Nitrophenyl)ethyl bromide (10 g.), prepared from 
2-phenylethyl alcohol by the method of Foreman and McElvain (J. Amer. Chem. Soc., 1940, 62, 
1436), was added in 1 g. portions to a solution of stannous chloride (40 g.) in concentrated hydrochloric 
acid (100 c.c.) which was heated on the steam-bath, the liquid being shaken vigorously after each 
addition; the solid nitro-compound melted to an oil, which gradually reacted, and dissolved on shaking, 
a further portion being then added. When the addition was completed, the mixture was heated on the 
steam-bath for a further 45 minutes. The reaction mixture was then freed from a little oil by extraction 
with hot benzene, and the aqueous layer was separated, and cooled in a freezing mixture. An excess of 
aqueous sodium hydroxide was added, with careful cooling until all the tin, which was at first preci- 
pitated as hydroxide, had dissolved. The alkaline solution was thrice extracted with ether, the combined 
extract washed with water, and the amine was removed from the ether by shaking with 3-5n-hydrochloric 
acid (22 c.c.). After separation of the aqueous layer, p-(2-bromoethyl)aniline hydrochloride (7-75 g.) 
crystallised out; it recrystallised from water in nearly colourless needles, m. p. 211° (decomp.). 

p-(2-Bromoethyl)phenol_—The foregoing hydrochloride (10 g.) was dissolved in water (100 c.c.) and 
30% sulphuric acid (20 c.c.), the mixture warmed to 55°, and a solution of sodium nitrite (3-5 g.) in water 
(20 c.c.) was added slowly, with mechanical stirring. A dark reddish-brown oil possessing a sharp sickly 
smell separated, and the mixture was heated on the steam-bath for a further 15 minutes, then cooled ; 
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the oil was extracted with ether, the extract dried (Na,SO,), the solvent removed, and the residual oil 
distilled, yielding p-(2-bromethyl)phenol (2-3 g.) as a viscous yellow oil, b. p. 160—155°/12 mm. 

a-Amtino-y-(p-hydroxyphenyl) butyric Fr fact “ont + ml ow 0 ester (2-8 g.), prepared as described 
by Redemann and Dunn (J. Biol. Chem., 1939, 180, 341) but with Painter’s modification (J. Amer. Chem. 
Soc., 1940, 62, 232), was added to a hot solution of sodium (0-25 g.) in absolute alcohol (50 c.c.), and when 
the solid sodio-derivatives had separated Ye tener ne pe gen (2-3 g.) was added, and the mixture 
heated under reflux for 3 hours. The bulk of the alcohol was removed by distillation, and the residue 
diluted with water (100 c.c.) and extracted with ether. The extract was dried (Na,SO,), and the solvent 
removed, leaving ethyl 2-(p-hydroxypheny])ethylbenzamidomalonate as a brown oil (3 g.). This was 
hydrolysed by refluxing with 48% aqueous hydrobromic acid (20 c.c.) for 10 hours. The mixture was 
diluted with boiling water (40 c.c.), filtered, and left in the ice-chest overnight. Benzoic acid separated, 
and was filtered off, the filtrate being evaporated to dryness in a vacuum. The residual solid was 
extracted with water (15 c.c.), the extract boiled (norite), filtered, and the filtrate carefully neutralised 
with aqueous ammonia and kept in the ice chest for 24 hours. a-Amino-y-(p-hydroxyphenyl) butyric 
acid (0-17 g.), m. p. 265° (decomp.), separated as a microcrystalline powder; recrystallised from 50% 
aqueous alcohol, it had m. p. 265° (decomp.) undepressed on admixture with the amino-acid synthesised 
by the previous route (Found: C, 60-3; H, 6-52; N, 7-2%). 


BIOCHEMISTRY SECTION, DEPT. OF ANIMAL HEALTH, [Received, January 30th, 1947.] 
UNIVERSITY COLLEGE, ABERYSTWYTH. 





310. Some 1: 1’- and 2: 2’-Dinaphthyl Derivatives and a New 
Synthesis of 3: 3'-Dinitro-1 : 1'-dinaphthyl. 


By HERBERT H. HopGson and Joun HABESHAW. 


3 : 3’-Dinitro-1 : 1’-dinaphthyl, formerly prepared by the action of copper on 1-iodo-3- 
nitronaphthalene, is now synthesised from naphthidine. 


4: 4’-DIACETAMIDO-1 : 1’-DINAPHTHYL readily dinitrated to give 3 : 3’-dinitro-4 : 4’-diacetamido- 
1: 1’-dinaphthyl which was hydrolysed by boiling ethyl-alcoholic sulphuric acid to 3 : 3’-dinitro- 
4: 4’-diamino-1 : 1’-dinaphthyl, a compound easily bisdiazotised by a nitrosyl-glacial acetic 
acid procedure (cf. Hodgson and Walker, J., 1933, 1620; Schoutissen, J. Amer. Chem. Soc., 
1933, 55, 4535). Replacement of both diazo-groups by hydrogen was effected by means of 
ethanol to give 3: 3’-dinitro-1] : 1’-dinaphthyl in over 80% yield, a compound previously 
prepared in poor yield by the action of copper on 1-iodo-3-nitronaphthalene (cf. Cumming and 
Howie, J., 1931, 3179; Chudozilov, Chem. Listy, 1925, 19, 187). Reduction to 3 : 3’-diamino- 
1: 1’-dinaphthyl by the procedure of Cumming and Howie (loc. cit.) was confirmed, and so the 
3 : 3’-positions taken up by the nitro-groups in the original nitration of 4 : 4’-diacetamido- 
1: 1’-dinaphthyl were established. Replacement of the amino- by hydroxyl groups in 3: 3’- 
dinitro-3 : 3’-diamino- or 3 : 3’-diacetamido-1 : 1’-dinaphthy] to give 3 : 3’-dinitro-4 : 4’-dihydroxy- 
1: 1’-dinaphthyl was effected by boiling aqueous sodium hydroxide, and the disodium salt of 
this compound was sparingly soluble in cold water. 

1: 1’-Diacetamido-2 : 2’-dinaphthy] is dinitrated in the 4 : 4’-positions to give 4 : 4’-dinitro- 
1 : 1’-diacetamido-2 : 2’-dinaphthyl, as proved by hydrolysis with ethanol and concentrated 


sulphuric acid to give the known 3: 6-dinitro-1 : 2:7: 8-dibenzocarbazole (Hodgson and 
Habeshaw, this vol., p. 77). 


EXPERIMENTAL. 


Nitration of 4: 4’-Diacetamido-1 : 1’-dinaphthyl_—The diacetyl compound (1-9 g.), prepared by the 
addition of acetic anhydride to a boiling solution of naphthidine in glacial acetic acid (cf. Cumming 
and Howie, J., 1932, 528), was added gradually in a finely divided state with stirring to nitric acid 
(35 c.c., d 1-42), the temperature being maintained below 15°; the solution darkened as the solid 
dissolved and, after about 15 minutes, a yellow precipitate of 3 : 3’-dinitro-4 : 4’-diacetamido-1 : 1’- 
dinaphthyl began to separate. After being stirred for 30 minutes from the final addition of the acetyl 
compound, the mixture was poured into water, the yellow precipitate (1-95 g., m. p. 332—335°) filtered 
off, washed acid free with water, dried, and crystallised first from nitrobenzene in which it was moderately 
soluble and then from glacial acetic acid in which it was sparingly soluble, to give yellow micro-crystals, 
m. p. 342—343° (Found: N, 12-5. C,,H,,O,N, requires N, 12-2%). 

3 : 3’-Dinitro-4 : 4’-diamino-1 : 1’-dinaphthyl.—This was obtained by refluxing the diacetyl derivative 
above (5 g.) for 10 hours with ethanol (50 c.c.) and dilute sulphuric acid (50 c.c., d 1-08); the solution 
deepened in colour and on being poured into water (600 c.c.) afforded the free amine (4-5 g.) which was 
filtered off, washed with water until acid-free and then with ethyl acetate, and crystallised once from 
nitrobenzene in which it was readily soluble at the boil and twice from glacial acetic acid in which it 
was moderately soluble, to give bright yellow micro-plates, m. p. 338—339° (Found: N, 14:8. 
CoH ON, requires N, 15-07%). 

3 : 3’-Dinitro-1 : 1’-dinaphthyl—This was prepared by addition of finely powdered 3 : 3’-dinitro- 
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4 : 4’-diamino-1 : 1’-dinaphthyl (5-7 g.) to a mixture of sodium nitrite (7 g.) in 7 peer acid (60 c.c., 


d 1-84) below 40°; a deep green solution was formed which was diluted with glacial acetic acid at such 
a rate that the temperature was kept between 45° and 50°, and the colour became golden-brown. After 
being stirred for 1 hour, the mixture was added gradually to ethanol (200 c.c.) and, when the reaction 
had moderated, the whole was heated on the water-bath under the reflux for 1 hour, after which the 
volatile portion was removed by distillation until the residual volume was ca. 100 c.c.; it was then 
poured into water (500 c.c.). The light brown precipitate of 3 : 3’-dinitro-1 : 1’-dinaphthyl (4-6 g.) 
was filtered off, washed acid free with water, crystallised once from nitrobenzene and twice from glacial 
acetic acid, and so obtained in golden yellow plates, m. p. 280—281° (Cumming and Howie, Joc. cit., 
give m. p. 281°; ChudoiZilov, loc. cit., gives m. p. 262—264°) (Found: N, 83. Calc. for C,,H,,0,N, : 
N, 8:1%). This compound (2-4 g.), when boiled for 5 hours with glacial acetic acid (180 c.c.) and zinc 
dust (20 g.) during the gradual addition of hydrochloric acid (2 c.c., d 1-18), was reduced to 3 : 3’-diamino- 
1 : l’-dinaphthyl which was removed from the cold reaction mixture, after it had been made alkaline 
with solid sodium hydroxide, by ether extraction; after removal of the ether from the dried extract, 
the residue of the crude 3: 3’-diamino-l : 1’-dinaphthyl crystallised from benzene in white plates, 
m. p. 269—270° (Cumming and Howie, loc. cit., give m. p. 270°) (Found: N, 10-1. Calc. for C,.H,,N,: 
N, 9:9%). 

3: 2 Dinitro-4 : 4’-dihydroxy-1 : 1’-dinaphthyl.—This was formed when 3 : 3’-dinitro-4 : 4’-diamino- 
1 : 1’-dinaphthyl (2 g.) was refluxed with 20% aqueous sodium hydroxide (50 c.c.) for 2 hours; when the 
red disodium salt of the dihydroxy-compound began to be deposited, the mixture was filtered hot, and, 
on cooling, an almost quantitative yield was obtained in reddish-brown crystals (Found: Na, 10-8. 
Cy.H ,»O,N,Na, requires Na, 11-0%), which were sparingly soluble in cold but readily so in hot water. 
When the sodium salt was mixed with dilute acids, 3 : 3’-dinitro-4 : 4 ’-dihydroxy-1 : 1’-dinaphthyl was 
liberated and crystallised from glacial acetic acid in which it was moderately soluble in yellow micro- 
plates, m. p. 319—320° (Found: N, 7-6. C. 9H,,0,N, requires N, 7-4%). 

3 : 3’-Diamino-4 : 4’-diacetamido-1 : 1’-dinaphthyl—This was obtained when a solution of 3: 3’- 
dinitro-4 : 4’-diacetamido-1 : 1’-dinaphthyl (2 g.) in boiling glacial acetic acid (150 c.c.) was treated 
gradually with zinc dust (20 g.) during 45 minutes, the mixture refluxed a further 30 minutes, and filtered 
hot into water (500 c.c.). The flocculent precipitate was extracted with boiling water (100 c.c.) con- 
taining hydrochloric acid (50 c.c., d 1-18) and the filtered extract cooled; the dihydrochloride of 3 : 3’- 
diamino-4 : 4’-diacetamido-1 : 1’-dinaphthyl then separated (1-2 g.) in white feathery needles which did 
not melt (Found : ionic chlorine, 14-9. C,,H,,0,N,,2HCl requires Cl, 15-1%), and were only sparingly 
soluble in cold water but readily so in hot water and dilute acids. After basification with dilute ammonia, 
the white precipitate of 3 : 3’-diamino-4 : 4’-diacetamido-1 : 1’-dinaphthyl was crystallised from glacial 
acetic acid, giving white micro-crystals which carbonised at 390° (Found: N, 13-9. C,,H,,O,N, 
requires N, 14-1%), and were almost insoluble in benzene, xylene, or ethanol. 

1 : 1’-Diacetamido-2 : 2’-dinaphthyl.—_This was prepared by stirring a suspension of 1 : 1’-diamino- 
2: 2’-dinaphthyl (1-7 g.) in acetic anhydride (25 c.c.) for 24 hours at room temperature (cf. Cumming 
and Howie, J., 1932, 531); attempts to make this compound more rapidly by hot acetylation resulted 
in the formation of 1 : 2 : 7 : 8-dibenzocarbazole, which crystallised from benzene in white needles, m. p. 
216° (Bucherer and Schmidt, J. pr. Chem., 1909, 79, 375, give m. p. 216°) (Found: N, 5-4. Calc. for 
CypH,,N : N, 52%). 

Dinitration of 1 : 1’-Diacetamido-2 : 2’-dinaphthyl.—1 : 1’-Diacetamido-2 : 2’-dinaphthyl (0-95 g.) was 
stirred into nitric acid (25 c.c., d 1-42) below 15°. After 30 minutes’ stirring, 4 : 4’-dinittro-1 : 1’-diacet- 
amido-1 : 1’-dinaphthyl began to separate, and at this stage the mixture was poured into water (120 
c.c.), and the precipitated dinitro-compound (0-5 g.) dissolved in a hot mixture of glacial acetic acid 
and xylene (1: 1) from which it separated in light yellow micro-needles, m. p. 341—342° (Found: N, 
12-5. C.,H,,0,N, requires N, 12-3%). When this compound (1 g.) was refluxed for 10 hours with 
ethanol (10 c.c.) and sulphuric acid (10 c.c., d 1-08), and the mixture poured into water, there separated 
3 : 6-dinitro-1 : 2 : 7 : 8-dibenzocarbazole which crystallised from nitrobenzene in yellow micro-crystals ; 
these had no m. p. but sintered at ca. 385° (cf. Hodgson and Habeshaw, loc. cit.) (Found: N, 12-1. Calc. 
for C.5H,,0,N;: N, 118%). 


The authors thank Imperial Chemical Industries Ltd. for various gifts. 
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311. The Formation of Hydroxythionaphthens by the Interaction of 
Benzenesulphonylbenzisothiazolone and Substances containing a 
Reactive Methylene Group. 


By A. W. H. Barton and (the late) E. W. McCLeLianp. 


The isothiazolone (I) reacts with substances containing a reactive methylene group, :” 
presence of pyridine or piperidine, with elimination of benzenesulphonamide, to give 2-sub- 
stituted derivatives of 3-hydroxythionaphthen of type (II). The group R found in the product 
is the acetyl, propionyl or butyryl group with the respective aliphatic ketones, and the carb- 
ethoxy-group with ketonic esters, but reaction proceeds further in the case of acetone yielding 
a dithionaphthenyl ketone. Benzoylacetone and acetophenone yield-3-hydroxy-2-benzoylthio- 
naphthen. a-Picoline and quinaldine give the 3-hydroxy-2-2’-pyridyl- and -quinolyl-thio- 
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naphthen. The mechanism of the reaction is discussed, the isolation of the substance (III) 
as the immediate product from acetylacetone being significant. 

A remarkable reaction also occurs when the isothiazolone is heated with ethyl phenylacetate 
and pyridine or quinoline, pyridyl- or quinolyl-thionaphthen being produced. 


THE work of Smiles and his collaborators (J., 1912, 101, 570; 1915, 107, 1378; 1921, 119, 
1810; 1924, 125, 876) showed that 3-hydroxythionaphthen and certain of its 2-derivatives 
could be prepared by warming together in sulphuric acid o-mercaptobenzoic acid and various 
substances such as malonic and acetoacetic esters, 8-diketones, and malic or citric acid. The 
yields are, however, not always satisfactory, tarry by-products and thioindigotin being often 
present, and the reaction sometimes fails owing to the prior decomposition of the diketonic 
reagent. 

It has now been found that the readily accessible benzenesulphonylbenzisothiazolone (I) 
reacts smoothly with various substances containing a reactive methylene group to produce 
good yields of 2-substituted derivatives of 3-hydroxythionaphthen (II), benzenesulphonamide 
being simultaneously eliminated. 


cH< YNs0Ph GH cH | etna s 
. R C,H 
6 2 othy WA 6 “\\cO-NH-SO,Ph CHK cH N 


CO 
(I.) (II.) (III.) (IV.) 


The reaction with ethyl malonate, ethyl acetoacetate, or ethyl acetonedicarboxylate in 
presence of pyridine or piperidine gives 3-hydroxy-2-carbethoxythionaphthen (II, R = CO,Et). 
When the thiazolone is heated with acetylacetone in boiling alcohol or toluene in the absence 
of any basic catalyst, a direct addition compound (III) results, which is converted by the action 
of alkalis or by heating in boiling pyridine into 3-hydroxy-2-acetylthionaphthen (II, R = 
COMe) and benzenesulphonamide: this same acetylthionaphthen is obtained directly when 
the original reaction with acetylacetone is conducted in boiling pyridine solution. The pro- 
perties of the addition compound are consistent with structure (III), which is also supported 
by the analogy with the products of addition of the benzisothiazolone to aromatic amines, 
whose structure has been firmly established (McClelland and Peters, this vol., p. 1229). 

From benzoylacetone the corresponding 3-hydroxy-2-benzoylthionaphthen (II, R = COPh) 
is formed. 

A reaction of the same kind takes place with ketones in general, but only in the presence 
of piperidine as catalyst. For instance, methyl ethyl ketone yields 3-hydroxy-2-propionyl- 
thionaphthen previously described by Krollpfeifer and Schneider (Ber., 1928, 61, 1284), methyl 
n-propyl ketone gives 3-hydroxy-2-butyrylthionaphthen, and acetophenone the corresponding 
benzoylthionaphthen, while m-nitroacetophenone gives 3-hydroxy-2-m-nitrobenzoylthionaphthen. 

With acetone the main product is 3: 3’-dihydroxy-2 : 2’-dithionaphthenyl ketone (com- 
pare Friedlander and Risse, Ber., 1914, 47, 1928) but a small amount of 3-hydroxy-2-acetyl- 
thionaphthen is obtained and may be an intermediate in the process. The latter substance 
does in fact condense further with the benzisothiazolone under the conditions of the reaction. 

The reaction with diethyl ketone gave 3-hydroxy-2-methylthionaphthen, identified in the 
form of its oxidation product 2 : 2’-bis-(3-hydroxy-2-methylthionaphthen) (compare McClelland 
and D’Silva, J., 1931, 2972), together with some 3-hydroxy-2-propionylthionaphthen, the 
formation of which seems inexplicable unless it was due to the presence of methyl ethyl ketone 
as an impurity. 

Quinaldine and «-picoline also condense with benzenesulphonylbenzisothiazolone, yielding 
3-hydroxy-2-2’-quinolylthionaphthen (IV), and the analogous pyridylthionaphthen. 

Benzisothiazolone itself did not react with boiling acetone and its reaction with methyl 
ethyl ketone and quinaldine was slow. The benzisothiazolone when heated alone in boiling 
pyridine was reduced to di-N-benzenesulphonyl-2 : 2’-dithiobenzamide (V), and when the 
main condensation was slow (e.g., with diethyl ketone) this disulphide (V) was sometimes 
found as a by-product. According to the dismutation theory (McClelland and Warren, /., 

1930, 1095; D’Silva and McClelland, J., 1932, 2883) the disulphide and the benzisothiazolone 
are reversibly interconvertible thus : 


H 
CHK = cK YNSO,Ph ‘ cK 
I ’NCONHSO,PhI,  —- ‘ **\co-NH-SO,Ph 
Vv.) ” 
51 
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It was found, in fact, that the dithiobenzamide (V) also condensed with acetylacetone 
slowly in boiling alcohol and somewhat faster in boiling pyridine. 

No reaction could be detected between benzenesulphonylbenzisothiazolone and ethyl 
phenylacetate at 170° in presence of piperidine, but when pure quinoline was also present 
3-hydroxy-2-2’-quinolylthionaphthen resulted, and with pyridine the analogous pyridyl- 
thionaphthen was again produced. These products were formed only when all three reactants 
were present, but the result has not been explained. When dimethylaniline was substituted 
for quinoline, an intensely blue substance was found in addition to 2-N-benzenesulphonyl- 
carbamyl-4’-dimethylaminodiphenyl sulphide (cf. McClelland and Peters, loc. cit.), but its 
nature has not been elucidated. 


EXPERIMENTAL. 


Reactions of Benzenesulphonylbenzisothiazolone with Ketonic Substances.—Acetylacetone. The benz- 
isothiazolone (5 g.) was heated in boiling ethyl alcohol (70 c.c.) with acetylacetone (3 g.) for 2 hours, 
On cooling, 3-(2’-benzenesulphonylcarbamylphenyl-1’-thio)pentane-2 : 4-dione (III) crystallised out (yield 
94%). It forms white plates, m. p. 163° (decomp.) (Found: C, 55-1; H, 44; S, 16-6. C,,H,,O,NS, 
requires C, 55:2; H, 4-4; S, 16.4%). This substance gives a red coloration with ferric chloride. It 
is soluble in benzene or hot methyl or ethyl alcohol but insoluble in ether or hot water. It was un- 
changed by heating in boiling toluene for 6 hours. Attempts to methylate, acetylate, or dehydrate it 
were unsuccessful. It dissolves in cold aqueous sodium hydroxide and is reprecipitated unchanged 
on acidification. After the alkaline solution had been boiled for } hour it contained a thionaphthen, 
as shown by the formation of thioindigotin with potassium ferricyanide, and distillation of the solution 
in a current of steam yielded 3-hydroxy-2-acetylthionaphthen (m. p. 79°, not depressed by admixture 
of an authentic specimen), which was converted by phenylhydrazine into 1-phenyl-3-methyl-4 : 5- 
thionaphthenopyrazole, m. p. 120° (cf. Barry and McClelland, /., 1935, 472). Benzenesulphonamide 
was deposited from the solution on cooling. 

The addition compound yielded the same acetylthionaphthen when boiled in pyridine for 2 hours 
or heated at 40° for 4 hours with concentrated sulphuric acid. 

Good yields of the same product were obtained direct by heating the benzisothiazolone with acetyl- 
acetone in pyridine for 3 hours. 

The corresponding reaction of 1-p-toluenesulphonylbenzisothiazolone with acetylacetone in alcohol 
yielded 3-(2’-p-toluenesulphonylcarbamylphenyl-1’-thio)pentane-2 : 4-dione, white plates, m. p. 180° 
(decomp.), from alcohol (Found: C, 56-4; H, 4-6. Cj, gH,,O,NS, requires C, 56-3; H, 4-7%), which 
on being heated in pyridine gave the 3-hydroxy-2-acetylthionaphthen and -toluenesulphonamide. 

Condensation of the benzisothiazolone with the diketonic substances, with pyruvic acid, and with 
m-nitroacetophenone was carried out by boiling equimolecular quantities together in pyridine. The 
reaction with ketones (4—6 mols., or an excess as solvent) took place in presence of a few drops of 
piperidine, the ketone itself or chloroform being used as solvent. Benzenesulphonamide was isolated 
as a by-product in every case. 

Ethyl malonate. This did not react with the thiazolone in the absence of a basic catalyst. The 
mixture, after 4 hours’ heating in boiling pyridine, was poured into dilute acid. The precipitated oil 
solidified, and was distilled in a current of steam. 3-Hydroxy-2-carbethoxythionaphthen was thus 
isolated (yield 79%); it separated from alcohol in white plates, m. p. 74° (Found: C, 58-9; H, 4-2. 
Calc. : C, 59-5; H, 45%) (cf. Arndt, Hirsch, and Nachtwey, Ber., 1926, 59, 1077). Hydrolysis by 2n- 
sodium hydroxide at 100° yielded 3-hydroxythionaphthen, m. p. 70°, further converted into the 
thionaphthindole of m. p. 251° (McClelland and D’Silva, J., 1932, 229). 

Ethyl acetoacetate. This ester gave 3-hydroxy-2-carbethoxythionaphthen (yield 80%). When this 
was distilled in steam, a tarry residue was left from which cold alcohol separated some yellow 3 : 5’-di- 
hydroxy-1 : 1’-dithionaphthenyl ketone which constitutes the main product from acetone. 

When the reaction was carried out in ethyl alcohol with a little pyridine as catalyst the carbethoxy- 
thionaphthen and unchanged thiazolone were alone isolated, showing that the intermediate compound 
is unstable under these conditions. 

Benzoyl acetone. The reaction mixture after 6 hours’ boiling in pyridine was poured into dilute 
acid. The solid precipitated was distilled in a current of steam, to remove unchanged diketone, and 
then extracted with hot alcohol, from which 3-hydroxy-2-benzoylthionaphthen was deposited in yellow 
needles, m. p. 116 (Smiles and Ghosh, J., 1915, 107, 1378). 

Acetone. When the benzisothiazolone had been heated in boiling acetone with 2 drops of piperidine 
for 4 hours, yellow needles, m. p. 234°, were deposited which were identified as 3 : 3’-dihydroxy-2 : 2’- 
dithionaphthenyl ketone (Friedlander and Risse, Joc. cit.) (Found: C, 62-7; H, 3-2; S, 19-6. Calc.: 
C, 62-6; H, 3-1; S, 197%), giving the diacetyl derivative, m. p. 183° (Found : C, 61-2; H, 3-3. Cale. : 
C, 61-5; H, 34%). A little 3-hydroxy-2-acetylthionaphthen was also found. 

When the benzisothiazolone (2 g.) was heated in boiling benzene (100 c.c.) with the hydroxyacetyl- 
thionaphthen (1-5 g.) and 2 drops of piperidine for 7 hours the same dithionaphthenyl ketone was 
produced (yield 68%). 

Methyl ethyl ketone. Under similar conditions this ketone furnished 3-hydroxy-2-propionylthio- 
naphthen, m. p. 74° (Krollpfeifer and Schneider, Joc. cit.) (Found: C, 64-3; H. 6&1. Calc.: C, 641; 


H, 49%) (yield 57%, but this was improved by warming the mixture for 5 minutes and keeping it for 
10 days). 

Methyl n-propyl ketone. The benzisothiazolone was boiled with the ketone and 6 drops of piperidine 
in chloroform solution for 7 hours. The mixture was diluted with ether, the solution washed succes- 
sively with dilute acid and water, and evaporated. When the residue was distilled in a current of 
steam, the oil which came over solidified, and the 3-hydroxy-2-n-butyrylthionaphthen crystallised from 
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methyl alcohol in white needles, m. p. 36° (Found: C, 65-5; H, 5-7. C,,H,,0,S requires C, 65-5; 
H, 55%). This substance is slightly soluble in aqueous sodium hydroxide and slowly gives thio- 
indigotin on shaking with alkaline ferricyanide. It gives a greenish-violet ferric chloride reaction. 
This and the pr ing propionyl compound failed to react with phenylhydrazine in boiling alcohol 
in presence of a little sulphuric acid after 6 hours’ heating. 

Acetophenone. After the reaction, the excess of ketone was removed in a current of steam. The 
residue was 3-hydroxy-2-benzoylthionaphthen, crystallising from alcohol in pale yellow needles, m. p. 
117° (Smiles and Ghosh, Joc. cit.). 

Pyruvic acid. The product from the condensation, isolated by pouring into acid and collecting the 
recipitate, was 3-hydroxythionaphthenyl-2-glyoxylic acid, yellow plates, m. p. 174°, after drying at 
00° (Hart and Smiles, J., 1924, 125, 876). 

m-Nitroacetophenone, After 6 hours’ boiling of the reaction mixture, the product crystallised on 
cooling. It was collected, and washed with pyridine, dilute acid, and water. 3-Hydroxy-2-m-nitro- 
benzoylthionaphthen crystallises from alcohol in pale yellow needles, m. p. 203° (Found: C, 60-0; H, 
2:9; N, 5-1. C,,;H,O,NS requires C, 60-2; H, 3-0; N, 4-7%). 

Diethyl ketone. The thiazolone was heated for 12 hours in boiling diethyl ketone with a little 
piperidine, the solvent evaporated, and the residue distilled in steam. The oil which slowly distilled 
was collected in ether, dried (Na,SO,), and the solvent evaporated. 3-Hydroxy-2-methylthionaphthen 
was thus isolated as a yellow viscous oil soluble in aqueous sodium hydroxide. It was converted b 
hot alkaline ferricyanide into 2 : 2’-bis-(3-hydroxy-2-methylthionaphthen), m. p. 151° (cf. McClelland 
and D’Silva, Joc. cit.), and by hydrogen peroxide in glacial acetic acid into the dioxide, m. p. 110°. 
Further steam distillation after acidification of the mixture yielded a little 3-hydroxy-2-propionyl- 
thionaphthen, m. p. 70°, while benzenesulphonamide and di-N-benzenesulphonyl-2 : 2’-dithiobenzamide, 
m. p. 226°, were found in the mother-liquor. 

Ethyl acetonedicarboxylate. This ester condensed with the benzisothiazolone on boiling in chloro- 
form for 7 hours with a little piperidine. The solution was evaporated, and the residue acidified and 
distilled in a current of steam, whereupon 3-hydroxy-2-carbethoxythionaphthen came over (yield 


86%). 

Reaction of Benzenesulphonylbenzisothiazolone with Quinaldine and a-Picoline.—The thiazolone 
(4 g.) was boiled in chloroform (30 c.c.) for 6 hours with quinaldine (4 g.) and 2 drops of piperidine, the 
solution evaporated, and the excess of base removed in a current of steam. The remaining solid (yield 
92%) was 3-hydroxy-2-2’-quinolylthionaphthen (IV), which crystallised from benzene in ruby-red prisms, 
m. p. 184° (Found : C, 73-6; H, 4-1; N, 5-2. C,,H,,ONS requires C, 73-6; H, 4-0; N,5-1%). Similar 
results but lower yields were obtained by using pyridine or glacial acetic acid as solvent. This sub- 
stance is soluble in alcohol, chloroform, or hot acetic acid, giving blood-red solutions. It turns yellow 
with alkali or concentrated mineral acids, dissolving in the latter. Hydrochloric acid produced an 
unstable yellow substance, m. p. 117°, presumably a hydrochloride, which was reconverted into the 
parent substance by water. 

Oxidation with ferricyanide in —— solution produced a white amorphous solid (purified from 
hot nitrobenzene) of m. p. 273° (sub. oe This is 2 : 2’-bis-(3-keto-2-2’-quinolylthionaphthen) (Found : 
C, 73:7; H, 3-8. C,H, O,N,S, requires C, 73-9; H, 3-6%). The acetyl derivative of (IV) forms white 

lates, m. p. 177°, from acetic anhydride (Found: C, 71-4; H, 4-0. C,,H,,0,NS requires C, 71-5; 

, 4.1%) and is hydrolysed rapidly by acids or alkalis and slowly by water or boiling alcohol. 

The thiazolone was boiled with half its weight of a-picoline in glacial acetic acid for 5 hours. The 
product, which separated on cooling (yield 83%), crystallised from alcohol in fawn needles, m. p. 132°, 
of 3-hydroxy-2-2’-pyridylthionaphthen (Found : C, 68-8; H, 3-9. C,,H,ONS requires C, 68-7; H, 4-€%). 
A similar result was obtained by heating the thiazolone with a-picoline hydrochloride in boiling pyridine, 
but when the reagents were heated in chloroform with piperidine or in picoline alone as solvent the 
product was di-N-benzenesulphonyl-2 : 2’-dithiobenzamide. 

The hydroxypyridylthionaphthen is soluble in hot alcohol or acetic acid or hot aqueous sodium 
hydroxide. It gives a yellow solution in mineral acids. It is slightly volatile in steam. Its acetyl 
derivative crystallises from acetic anhydride in massive white prisms, m. p. 133° (considerably depressed 
by adding the parent substance) (Found: C, 66-9; H, 4-0. C,,H,,0,NS requires C, 66-9; H, 41%). 

Reaction of Unsubstituted Benzisothiazolone with Ketones and Quinaldine.—No reaction was detected 
when benzisothiazolone was boiled for 12 hours in acetone in presence of piperidine. With methyl 
ethyl ketone a very little en ee was formed. With quinaldine after 8 hours’ 
boiling in glacial acetic acid the hydroxyquinolylthionaphthen was — in 32% yield. 

Condensation with Ethyl Phenylacetate.—This ester (10 g.) would not react with benzenesulphonyl- 
benzisothiazolone (5 g.) in presence of piperidine at 170°, but when pure quinoline (10 g.) was also present 
reaction had occurred after 5 hours’ heating. The excess of reagents and solvent was removed from 
the red mixture in a current of steam, and the tarry product extracted with hot aqueous sodium hydroxide. 
The solution was decanted, cooled, and saturated with carbon dioxide. The red precipitate proved to 
be 3-hydroxy-2-2’-quinolylthionaphthen, m. p. 189° (yield 42%), and benzenesulphonamide was present 
in the mother-liquors. 

In the same way benzenesulphonylbenzisothiazolone, heated with an equal weight of ethyl phenyl- 
acetate in boiling pure pyridine for 7 hours, gave 3-hydroxy-2-2’-pyridylthionaphthen, m. p. 133° 
(yield 39%), and the benzenesulphonyldithiobenzamide. No hydroxyphenylthionaphthen could be 
detected in these reactions. 

The benzenesulphonylbenzisothiazolone also reacted when heated for 5 hours at 170° with ethyl 

henylacetate and dimethylaniline in presence of piperidine. The products isolated immediately were 
mzenesulphonamide, the amg: yp ne pay sce 2-N-benzenesulphonylcarbamy]-4’-di- 
methylaminodiphenyl sulphide, m. p. 172°, and an intensely blue substance remained in the mother- 
liquor. This was collected chromatographically on anhydrous alumina, removed in alcohol, and 
recovered as a blue solid which separates from roform—petroleum in blue plates with a golden irides- 
cence, m. p. 198°. It is stable to alkalis, gives yellow solutions in acids, and with hydrogen peroxide 
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in acetic acid yields a substance of m. p. 214°. The formation of this blue compound requires the 
presence of the thiazolone, the ester, the dimethylaniline, and the catalyst, but it was also observed 
when 2 : 2’-dithiobenzoic acid replaced the first of these or when benzyl cyanide replaced the ester. 

Di-N-benzenesulphonyl-2 : 2’-dithiobenzamide as a Possible Intermediate in the Reactions.—Benzene- 
sulphonylbenzisothiazolone, boiled for 2 hours in pyridine, gave the dithiobenzamide, m. p. 226° (yield 
60%). 

4. dithiobenzamide (0-5 g.), heated for 2 hours in boiling alcohol with acetylacetone (0-3 g.), gave, 
in addition to some recovered dithiobenzamide, 3-(2’-benzenesulphonylcarbamylphenyl-1’-thio) pentane- 
2: 4-dione, m. p. 163° (yield 29%). 

The dithiobenzamide, heated in boiling pyridine for 3 hours with acetylacetone (2 mols.), gave 
3-hydroxy-2-acetylthionaphthen (yield 44%) and benzenesulphonamide. 


Kinc’s COLLEGE, STRAND, Lonpon, W.C. 2. (Received, February 4th, 1947.} 





312. Researches on Acetylenic Compounds. Part XI. The Mannich 
Reaction with Monosubstituted Acetylenic Compounds. 


By E. R. H. Jonzs, I. Marszak, and (in part) H. BADER. 


The scope of the Mannich reaction with mono-substituted acetylenic compounds, previously 
only applied to activated substances such as phenyl- and vinyl-acetylenes, has been extended to 
include alkylacetylenes and several types of acetylenic alcohols. Excellent yields are obtain- 
able except with the a-ethynylcarbinols [containing the grouping >C(OH)-C=CH], but their 
acetates react normally. No suggestions for this anomalous behaviour can as yet be offered. 


THE application of the well-known Mannich reaction (for summary see Blicke, ‘‘ Organic Re- 
actions,”’ 1942, I, p. 303) in the acetylenic series has hitherto been restricted to compounds 
containing an activated ethynyl group, e.g., phenyl- and substituted phenyl-acetylenes (Mannich 
and Chang, Ber., 1933, 66, 418) and vinylacetylene (Coffman, J. Amer. Chem. Soc., 1935, 57, 


Ph:C=CH + H-CHO + HNR, —> Ph-C=C-CH,NR, 


1978; Carothers and du Pont, U.S.P. 2,110,199). With acetylene itself the reaction has to 
be effected under pressure in the presence of a copper acetylide catalyst, under which con- 
ditions propargylamines (HC=C-CH,*NR,) and the corresponding diamines are formed, the 
former preponderating (I.G. Farb., B.P. 510,904; U.S.P. 2,273,141). 

The present study was undertaken with a view to extending the scope of the Mannich 
reaction to various types of acetylenic compounds. During the progress of this work inform- 
ation became available that some similar studies had been made in Germany (B.I.0.S. Final 
Report No. 266; item No. 22) and although no experimental details are available, it seems 
that copper catalysts were invariably employed. 

In all the reactions described in this paper the appropriate reagents were heated in dioxan 
solution at about 80° in nitrogen. 1-Hexyne, the only hydrocarbon examined, gave a 75% 
yield of 1-diethylaminohept-2-yne (I). a-Ethynylcarbinols of type (II), invariably gave exceed- 


(I.) C,H,C=C-CH,-NEt, RR,C(OH)*C=CH (IL) 
(III.) RR,C(OAc)-C=C-CH,NEt, CH,-CH(OH)-CH=CH-C=CH (IV.) 


ingly poor yields of the expected amines, but their acetates on the other hand behaved normally 
and yields of amines (III) ranging from 50 to 90% were obtained with the acetates 
of representative primary, secondary, and tertiary carbinols. The inhibiting effect of the 
hydroxyl group is apparently restricted to the «a-position since the §-ethynylcarbinol 
[CH,°CH(OH)-CH,*C=CH] gave a 60% yield of amine. With conjugated ethynyl-ethylenic 
carbinols such as (IV) no inhibiting effect of the hydroxyl groups was observed, 80—85% 
yields of the expected amines being achieved both with the carbinols themselves and with 
their acetates. The products in these cases all exhibited similar light absorption properties 
in the ultra-violet, arising from the presence of the conjugated ethylenic-acetylenic chromophore. 

The partial and complete hydrogenation and also other reactions of the acetylenic amino- 
alcohols described in this paper are being studied and will be reported on in a subsequent 
communication. 


EXPERIMENTAL. 
Light-absorption data were determined in alcoholic solutions. 


1-Diethylaminohept-2-yne (I).—To a warm solution of diethylamine (16 g.) and trioxymethylene 
fa solution of 1-hexyne (16-4 g.) in dioxan (10 c.c.) was added and the mixture 


(7-2 g.) in dioxan (20 c.c. 
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was heated on a steam-bath for 15 hours in an atmosphere of nitrogen. Ether was added, and the 
basic product was isolated by washing with 2n-hydrochloric acid and then liberated with sodium 
hydroxide (10%). After ether extraction, drying (Na,SO,), and evaporation, distillation gave 1-diethyl- 
aminohept-2-yne (25-7 g.; 77%), b. p. 100°/20 mm., nj” 1-4513 (Found: C, 78-95; H, 12-5. C,,H,,;N 
requires C, 78-95; H, 126%). The picrate, + in methanol, stallised from this solvent as 
long prisms, m. p. 75° (Found: C, 51-8; H, 6-2. C,,H,,O,N, requires C, 51-5; H, 6-1%). 

1-Dimethylamino-4-acetoxyprop-2-yne.—A mixture of dimethylamine (6 g.), trioxymethylene (4-7 g.), 
and propargyl acetate (12 g.) in dioxan (25 c.c.) was heated for 34 hours on a steam-bath. The amine 
(8-8 g.) had b. p. 65°/0-7 mm., n° 1-4531 (Found: C, 61-55; H, 8-865. C,H,,0,N requires C, 61-9; 
H, 8-45%). The methiodide crystallised from methanol-ether in prisms, m. p. 140° (Found: C, 36-75; 
H, 5°55. C,H,,0,NI requires C, 36-35; H, 5-45%). 

1-Diethylamino-4-acetoxyhept-2-yne (III; R = H; R, = n-Pr).—The standard method (20 hours’ 
heating) employed with diethylamine (8 g.), trioxymethylene (3-9 g.), and 3-acetoxyhex-l-yne (14 g.; 
Bowden, Heilbron, Jones, and Weedon, /J., 1946, 45) in dioxan (15 c.c.) gave the amine (20 g.), b. p. 
81°/0-1 mm., n}¥" 1-4546 (Found: C, 69-2; H, 10-4. C,,;H,,0,N requires C, 69-25; H, 103%). The 
same base was obtained, but in poorer yield, by carrying out the reaction at 20°. The oxalate crystal- 
rag? from Heo%) as fine prisms, m. p. 90-5° (Found: C, 57-2; H, 7-65. C,,H,,O,N requires 

, 57-1; H, 8-0%). 

1-Diethylamino-1'-acetoxy-3-cyclohexylprop-2-yne (II1; RR’ = C,H,,.).—Diethylamine (12 g.), tri- 
oxymethylene (5-4 g.), and ethynylcyclohexanyl acetate (24-9 g.) in dioxan (25 c.c.) after being heated 
for 30 hours gave the amine (29-7 g.), b. p. 111°/0-6 mm., m}}* 1-4806 (Found: C, 71-95; H, 10-25. 
C,,;H,,0,N requires C, 71-65; H, 10-05%). The picrate crystallised from methanol in plates, m. p. 
114° (Found: C, 52-5; H, 5-9. C,,H,,O,N, requires C, 52-45; H, 5-9%). 

1-Diethylaminohex-2-yn-5-ol.—After a mixture of diethylamine (12-4 g.), trioxymethylene (6-75 g.), 
and pent-l-yn-4-ol (12-6 g.; Haynes and Jones, J., 1946, 956) had been heated on a steam-bath for 
30 hours, the amine (15 g.) was isolated with b. p. 73°/0-1 mm., n}f" 1-4740 (Found : C, 71-0; H, 11-45. 
C,.H,,ON requires C, 70-95; H, 11-3%). The picrate crystallised from benzene in prisms, m. p. 78° 
(Found : C, 48-4; H, 5-65. C,,H.,0, 4 requires C, 48-2; H, 5-55%). 

1-Diethylaminohex-4-en-2-yn-6-ol.—A mixture of diethylamine (16 g.), trioxymethylene (7-2 g.), 
and pent-2-en-4-yn-1-ol (16-4 g., Haynes, Heilbron, Jones, and Sondheimer, Part XIII, this vol., p.1583) 
in dioxan (25 c.c.) on being heated for 25 hours on a steam-bath gave the amine (26-4g.), b. p. 135°/1 mm., 
n?, 15102 (Found: C, 72-1; H, 10-25. C,,H,,ON requires C, 71-8; H, 10-25%). Light absorption : 
Maximum, 2270 a.; ¢ = 15,600. Inflexion, 2370 a., e = 12,500. The a-naphihyluvethane crystallised 
from ee (b. p. 80—100°) in plates, m. p. 79° (Found: C, 75-05; H, 7-4. C,,H,,O,N, requires 
C, 74:95; H, 7-2%). 

t Disthylamisthept-4-on-2-yn-6-ol.—The standard method (36 hours’ heating) employed with diethyl- 
amine (12-4 g.), trioxymethylene (6 g.), and hex-3-en-5-yn-2-ol (13-8 g.; Heilbron, Sones, and Weedon, 
J., 1945, 81) in dioxan (20 c.c.) gave the amine (21 g.), b. P 85°/0-1 mm., m}?" 1-5003 (Found : C, 73-1; 
H, 10-75. C,,H,,ON requires C, 72-85; H, 10-55%). Light absorption: Maximum, 2270 a.; ¢= 
15,000. Inflexion, 2350 a.; ¢ = 13,000. The picrate, prepared in methanol, crystallised from benzene 
in plates, m. p. 118° (Found : C, 49-95; H, 5°55. C,,;H,,0,N, requires C, 49°75; H, 5-4%). 

1-Dimethylamino-6-acetoxyhept-4-en-2-yne.—A mixture of dimethylamine (5 &), trioxymethylene 
(3-6 g.), and 2-acetoxyhex-3-en-5-yne (13-8 g.; Jones and McCombie, J., 1943, 261) in dioxan (30 c.c.) 
after being heated for 24 hours on a steam-bath gave the amine (16-2 g.), b. p. 72°/0-5 mm., n}J° 1-4808 
(Found: C, 68-15; H, 8-7. C,,H,,0,N requires C, 67-65; H, 8-89). The methoperchlorate crystal- 
lised from methanol-ether in plates, m. p. 112-5° (Found: C, 46-75; H, 635. C,,H,,O,NCI requires 
C, 46-5; H, 6-5%). 

1-Diethylamino-6-acetoxyhept-4-en-2-yne.—Prepared as above using diethylamine (8 g.) instead of 
dimethylamine, the amine (19-1 g.) had b. p. 108—110°/1 mm., njf” 1-4800 (Found: C, 69-5; H, 9-4. 
C,,;H,,0,N requires C, 69-9; H, 9-5%). 


The authors thank Sir Ian Heilbron, D.S.O., F.R.S., for his interest and encouragement and 
Dr. E. A. Braude for the light-absorption data. 
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313. Researches on Acetylenic Compounds. Part XII. The Prepar- 
ation of Conjugated Diacetylenic Glycols by the Oxidative Coupling of 
Various Types of Ethynylcarbinols. 

By K. Bowpen, Sir Ian HeEItsron, E. R. H. Jonzs, and K. H. Sarcenr. 


Contrary to the experiences of earlier workers it has now been found that the coupling 
of ethynylcarbinols to diacetylenic glycols, by aerial oxidation in the presence of cuprous 
ammonium chloride, is a general reaction applicable to carbinols of various types. The scope 
of synthetic reactions with acetylenic compounds is a considerably extended, and 
these interesting glycols become readily available for more detailed study. Moreover, the 
function of the cuprous salt appears to be largely catalytic, and coupling can be effected 
with the use of much less than one equivalent of cuprous ammonium chloride. Light- 
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absorption data for the conjugated diacetylene chromophore are recorded and compared with 
those of conjugated diene and vinylacetylene systems. 


Tue formation of diacetylenes by the oxidative coupling of metallic derivatives of mono- 
substituted acetylenes was first observed as early as 1869, and several alternative procedures 
have since been described. These mainly involve oxidation of either the cuprous or the 


2R—C=C—M —> R—C=C—C=C—R 


halogenomagnesium acetylides with agents such as oxygen, ferricyanide, cupric salts, etc. 
(For summary and references see ‘‘ The Chemistry of Acetylene,” Nieuwland and Vogt, 
Rheinhold, New York, 1945.) Cupric acetylides are apparently unstable, and, in all reactions 
in which they should be produced, coupling to diacetylenes occurs. 

The oxidation of the readily available ethynylcarbinols (e.g., I) is of particular importance 
and interest since it provides facile synthetic routes to bifunctional compounds difficult to 
prepare by other means. This is especially true since the only alternative route to the 


(I) R,R,C(OH)-C=CH , a 
HC=C-C=CH + 2R,R,CO 7 


diacetylenic glycols (II), t.e., via diacetylene, is ruled out because of the practical difficulties 
involved in preparing this hydrocarbon in quantity. It should be noted, however, that 
diacetylene has become available in Germany in recent years as a by-product (7%) in the 
Huels arc process for the production of acetylene from gaseous hydrocarbons. 

Zal’kind and his collaborators (J. Gen. Chem. Russia, 1937, 7, 227; 1939, 9, 971, 1725; 
Ber., 1936, 69, 128) reported that aerial oxidation of the cuprous acetylides of tertiary ethynyl- 
carbinols at room temperature gave good yields of the corresponding diacetylenic glycols, but 
that only very indifferent yields could be obtained with secondary ethynylcarbinols. These 
authors sought a theoretical explanation of this lack of reactivity of the secondary carbinols 
in terms of the opposing inductive effects of the hydroxyl and alkyl groups involved. 

It has now been ascertained that by carrying out the aerial oxidation at somewhat higher 
temperatures, e.g. in the range 50—70°, coupling of a wide variety of ethynylcarbinols can be 
achieved, in most cases to give excellent yields. Methyl-, propyl-, and phenyl-ethynylcarbinols 
give the secondary glycols (III; R = Me, Pr, and Ph respectively) as mixtures of the d/- and 
meso-forms. The reaction can be extended to carbinols made from alkylene oxides giving the 
glycols (IV; R = H and Me), the latter again probably as a mixture of stereoisomerides. The 


(III.) R-CH(OH)-C=C-C=C-CH(OH)-R R-CH(OH)-CH,-C=C-C=C-CH,-CH(OH)'R = (IV.) 
CH,-CH(OH)-CH=CH-C=C-C=C-CH=CH-CH(OH)-CH, (V.) 


glycol derived from ethylene oxide (i.e., IV; R = H), the structure of which has been proved 
by hydrogenation to octane-1 : 8-diol, is remarkably unstable, being very readily converted 
into a scarlet insoluble pigment by what appears to be a photo-catalysed oxidation. 

Not only can simple ethynylcarbinols be coupled up by this process, but even conjugated 
ethynylethylenic carbinols such as hexenynol (CH,*CH(OH)*CH—CH:C=CH] can be oxidised. 
The glycol (V) obtained from this carbinol is a crystalline solid, presumably stereochemically 
pure, and its structure is proved by its hydrogenation to dodecane-2 : 11-diol, which on oxidation 
gives sebacic acid. Another example of this type is furnished in Part XIV (p. 1586) where the 
light-absorption data for the chromophore present in glycols such as (V) are discussed. 

In addition to demonstrating the general nature of this oxidative coupling reaction, it has 
also been shown, contrary to earlier work in this field, that it is unnecessary to employ a large 
excess of cuprous ammonium chloride. While this work was in progress information became 
available that the 1.G. Farb. at Ludwigshafen had effected the oxidation of propargy] alcohol 
to hexadiynediol using only catalytic quantities of cuprous salt. Three representative glycols 
(II, R, = Me, R, = Et; II, R,R, = CH, < [CH,], >; and III, R = Pr) have been pre- 
pared in this way, by employing 0°2—0°5 equivalent of cuprous chloride. Although the 
process is rendered somewhat slower and higher reaction temperatures have to be employed, 
the yields remain excellent. 

The light-absorption properties of the diacetylenic glycols, recorded in the accompanying 
Table, agree with those previously determined for 2: 7-dimethylocta-3 : 5-diyne-2 : 7-diol 
(II; R, = R, = Me) (mentioned by Jones and McCombie, J., 1943, 261). The conjugated 
diacetylene chromophore exhibits absorption at rather longer wave-lengths than conjugated 
vinylacetylenes and dienes, but the intensities are only of a very low order. The progressive 


R,C(OH)-C=C-C=C-C(OH)R,R, (I1.) 
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diminution in intensity and the accompanying appearance of fine structure in the conjugated 
diene, en-yne, and di-yne systems is of some interest. 

Various aspects of the chemistry of these readily accessible diacetylenic glycols are at 
present being studied in these laboratories. 
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Light-absorption data of conjugated diacetylenic glycols compared with those of 
conjugated dienes and vinylacetylenes. 


(In alcoholic solutions.) Amaz., A. Cmax: 
CH,-CH—CH-CH—CH, 2235 23,000 
CH,°CH(OH)-CH=CH-C=CH # 2230 13,500 

2300 * 9,500 

Me,C(OH)-C=C-C=C-C(OH) Me, 2290 310 
2410 300 

2560 180 

HO-CH,°CH,-C=C-C=C-CH, CH, OH 2280 540 
’ 2390 540 

2510 360 

CH,*CH(OH)-CH,"C=C-C=C-CH,’CH(OH)-CH, 2260 355 
2410 410 

2640 250 

CH,*CH(OH)-C=C-C=C-CH(OH)-CH, (m. p. 67°) 2300 1,930 
2370 1,860 

C,H,-CH(OH)-C=C-C=C-CH(OH)-C,H, 2320 360 
2420 400 

2550 265 

2820 * 90 

C=C—C=C 2310 294 

2420 347 

2440 332 

OH HO 2570 160 
C,H,-CMe(OH)-C=C-C=C-CMe(OH)-C,H, 2300 330 
2420 368 

2550 204 

C,H,,*CMe(OH)-C=C-C=C-CMe(OH):C,H,, 2400 
2420 515 
2520 

2660 555 
2820 465 
3080 * 135 
Ph-CH(OH)-C=C-C=C-CH(OH)-Ph 2460 1,150 
2600 785 


* Inflexion. 

1 Booker, Evans and Gillam, J., 1940, 1453. 

. — and McCombie, J: 1943, 261. 

* This band may arise from the presence of a small quantity of dehydrated material. 


EXPERIMENTAL. 


Octa-3 : 5-diyne-2: 7-diol (III; R = Me).—Methylethynylcarbinol (37 g.) in ethanol (20 c.c.) was 
added to a mixture of cuprous chloride (1 00 ¢.). ammonium chloride (160 g.), hydrochloric acid (1 c.c.), 
and water (425 c.c.) at room temperature. e temperature was raised to 55° and air was passed in for 
64 hours, a condenser containing solid carbon dioxide pet alcohol being used to prevent loss of carbinol. 
ame with ether and distillation gave a mixture of stereoisomers of octa-3 : 5-diyne-2 : 7-diol (31 g.), 

m. p. 84—87° (change of state at 65°), b. p. ca. 120°/10 mm. _A single process of chromatography on 
2 g. of this product gave one of the stereoisomeric forms (0-3 g.), m. p. 7° (Lespieau, Ann. Chim., 
1912, 27, 137, quotes m. p. 67-5—68° for one of the isomeric forms. The other has m. p. 108—109° 
according to *kind and Gverdtsiteli, J. Gen. Chem. Russia, 1939, 9, 971). 

Dodeca-5 : 1-diyne-4 : 9-diol (III; R= = Pr).—(a@ Propylethynylcarbinol (25 g.; Bowden, Heilbron, 
Jones, and Weedon, J., 1946, 45) in ethanol (25 c.c.) was added dropwise during 15 minutes to a solution 
of ammonium chloride (160 g.), cuprous chloride (100 g.), and concentrated hydrochloric acid (1-5 c.c.) 
in water (450 c.c.) at 50—55°. e mixture was stirred for 15 minutes at this tem ture; air was 
then passed in for 2 hours, by which time the mixture had assumed a deep greenish colour. After 
png — > i ae was isolated with ether and distilled from a Claisen flask with a low, wide side- 

e ee (21-2 g.), b. p. 184°/10* mm., n#" 1-5178 (Zal’kind and Gverdtsiteli, loc. cit., 


pened . {59—16 

(6) Boma (5 c.c.) was added to a solution of ammonium chloride (16 g). cuprous 
chloride (10 g.), and concentrated hydrochloric acid (0-15 c.c.) in water (45 c.c.) during 5 minutes. 
With the mixture at a temperature of 50—55°, air was passed in and a further 25 c.c. of the carbinol 
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was added dropwise during 1 hour. After oxidation for 8 hours precipitation of cupric salts com- 
menced. Suffcient dilute hydrochloric acid was added to the cooled mixture to dissolve the solid, 
and isolation with ether gave the glycol (23 g.), b. p. 138°/10-* mm., m}%*" 1-5175. One of the stereo- 
isomeric forms of the bis-a-naphthylurethane was isolated from the mixture of isomers by recrystallis- 
ation from ethanol. It formed needles, m. p. 158° (Found: N, 5-05. C,,H,,.O,N, requires N, 5-25%). 

Dodecane-4 : 9-diol._—Dodeca-5 : 7-diyne-4 : 9-diol (4:85 g.) in ethyl acetate (100 c.c.) was hydro- 
genated in the presence of platinic oxide (10 mg.) until absorption ceased. Removal of catalyst and 
solvent and crystallisation of the residual solid from light petroleum (b. p. 40—60°) gave dodecane- 
4:9-diol (4-5 g.) as lustrous leaflets, m. p. 53° (Found: C, 71-45; H, 12-75. C,,H,,O, requires C, 
71-25; H, 12-95%). 

: § 6-Diphenylhexa-2 : 4-diyne-1 : 6-diol (III; R = Ph).—Phenylethynylcarbinol (25 g.; Jones and 
McCombie, J., 1942, 733) in ethanol (50 c.c.) was added to a mixture of ammonium chloride (160 g.), 
cuprous chloride (100 g.), concentrated hydrochloric acid (1-5 c.c.), and water (450 c.c.) at 50—55°. 
Air was passed in for 2 hours; isolation with ether and crystallisation from benzene gave a mixture 
of stereoisomers as leaflets (12 g.), m. p. 102°. Repeated crystallisations from benzene gave matted 
needles with m. p. 122° (sintered at 90° and softened at 103°) (Zal’kind and Gverdtsiteli, loc. cit., give 
m. p. 132—133°). ‘ 

Octa-3 : 5-diyne-1 : 8-diol (IV; R = H).—A solution of but-l-yn-4-ol (15 g.) (Macullum, U.S.P. 
2,125,384) in ethanol (25 c.c.) was added to ammonium chloride (96 g.), cuprous chloride (60 g.), and 
concentrated hydrochloric acid (0-9 c.c.) in water (270 c.c.) during 20 minutes. Air was passed in at 
50—55° for 2 hours and after the mixture had been cooled and saturated with salt the product was isolated 
with ether, giving octa-3 : 5-diyne-1 : 8-diol (7-1 g.), m. p. 42—43°, b. p. 135°/10 mm. The solid 
became scarlet on exposure to light and air and no satisfactory analytical data could be obtained 
(Found: C, 68-0; H, 7:1. C,gH,,O, requires C, 69-5; H, 7:3%). The diacetate crystallised from 
petroleum (b. p. 80—100°) in needles, m. p. 63° (Found: C, 64-85; H, 63. C,,H,,O, requires C, 
64-85; H, 6-35%). A solution of the diol (3-3 g.) in ethyl acetate (50 c.c.) was hydrogenated in the 
presence of platinic oxide (20 mg.) giving octane-1 : 8-diol (3-0 g.), m. p. 60—61° (from ethyl acetate) 
(Franke and Lieben, Monaish., 1914, 35, 1939, give m. p. 60°). 

Deca-4 : 6-diyne-2 : 9-diol (IV; R = Me).—1-Pentyn-4-ol (25 g., Haynes and Jones, J., 1946, 954) 
in ethanol (50 c.c.) was added to a mixture of ammonium chloride (160 g.), cuprous chloride (100 g.), 
concentrated hydrochloric acid (1-5 c.c.), and water (450 c.c.) at 50—55° during 30 minutes. Air 
was then passed in for 135 minutes at 50—55°, and extraction of the cooled mixture with ether and 
distillation of the dried extract gave deca-4 : 6-diyne-2 : 9-diol (20-35 g.), b. p. 186°/10 mm., n}* 1-5345. 
This material solidified at 0° but melted at room temperature (Found: C, 72-35; H, 8-7. C,.H,,O, 
requires C, 72-3; H, 85%). One of the stereoisomeric forms of the bis-3 : 5-dinit-obenzoate, m. p. 192°, 
was isolated by fractional precipitation with petrol from an ethyl acetate solution of the mixture of 
isomers (Found: N, 10-0. C.gH,,0,.N, —— N, 10-1%). 

Di-(1-hydroxycyclohexyl)butadiyne (II; R,yR, = C,;H,,.).—3 C.c. of a solution of 1l-ethynylcycio- 
hexanol (25-2 g., Hennion and Murray, J. Amer. Chem. Soc., 1942, 64, 1220) in ethanol (30 c.c.) were 
added to a solution of ammonium chloride (8 g.), cuprous chloride (2-5 g., 0-2 equivalent), and con- 
centrated hydrochloric acid (0-5 c.c.) in water (25 c.c.) at 30°, and the mixture stirred for 5 minutes. 
The temperature was raised to 70°, air was passed in, the rest of the carbinol solution was added drop- 
wise during 3} hours, and oxidation was continued for a further 44 hours. The mixture was poured 
into 300 c.c. of ammonium chloride solution and the precipitated solid completely freed from copper 
salts by washing it with N-hydrochloric acid followed by water. After being dried, this solid was 
recrystallised twice from benzene to give di-(l-hydroxycyclohexyl)butadiyne (23-5 g.), m. p. 173° 
(Zal’kind and Aizikovich, J. Gen. Chem. Russia, 1937, 7, 227, give m. p. 173°) (Found: C, 78-05; 
H, 8-85. Calc. for C,,H,,0, : C, 78-0; H, 9-0%). 

3 : 8-Dimethyldeca-4 : 6-diyne-3 : 8-diol (II; R = Me; R, = Et).—10 C.c. of a solution of methyl- 
ethylethynylcarbinol (20-8 g.; Campbell, Campbell, and Eby, J. Amer. Chem. Soc., 1938, 60, 2882) 
in ethanol (25 c.c.) were added to a solution of ammonium chloride (8 g.), cuprous chloride (2-5 g.), 
and concentrated hydrochloric acid (0-05 c.c.) in water (25 c.c.), and the mixture stirred for a minute 
at room temperature. The colour changed from brown to green. The temperature was raised to and 
maintained at 65—70° whilst air was passed in at a rate of about 2 1. per minute. The remainder of 
the carbinol solution was added in 5 c.c. portions during the next 8 hours, and the oxidation was con- 
tinued for a further 5 hours. The cooled mixture was poured into 200 c.c. of ammonium chloride 
solution and the resultant solid washed with dilute hydrochloric acid to give 14 g. of a solid, m. p. 80— 
88°. With 6 equivs. of cuprous ammonium chloride solution the yield is slightly better and the reaction 
takes only 2 hours. Solution of a portion (2 g.) in the minimum volume of ethyl acetate followed by 
partial precipitation with petroleum (b. p. 80—100°) gave one of the stereoisomeric forms (0-85 g.), 
= Peg oF aa 5%). F.P. 765,469 give m. p. 89°) (Found: C, 73-95; H, 9-25. Calc. for C,,H,,0,: 

, 142; H, 935%). 

Dodeca-3 : 9-diene-5 : — : 11-diol (V) (with F. SonpHEIMER).—Hex-3-en-5-yn-2-ol (6 g.; 
Heilbron, Jones, Smith, and Weedon, J., 1946, 57) was slowly dropped into a stirred solution of 
ammonium chloride (80 g.) and cuprous chloride (50 g.) in water (200 c.c.), maintained at 55°. Air was 
bubbled through the red solution at this temperature for 2 hours during which time much black gum 
separated. The product isolated by ted ether extraction contained much polymeric material 
from which it was separated by boiling with water. This furnished the diol (1-5 g.) as light yellow needles, 
m. p. 92°, which after recrystallisation from either water or benzene (nitrogen atmosphere) gave colour- 
less needles, m. p. 94—95° (Found: C, 75°56; H, 7-45. C,,H,,O, requires C, 75°75; H, 7:-4%). The 
glycol slowly becomes yellow in air. Light absorption: see Part XIV, p. 1587. 

Dodecane-2 : 11-diol (with F. SonDHEIMER).—A solution of the above glycol (400 mg.) in methanol 
(20 c.c.) was shaken with hydrogen in the presence of platinic oxide (10 mg.) until absorption was 
complete. Crystallisation of the product from pentane-ether (3: 1) gave dodecane-2 : 11-diol (350 mg.) 
as plates, m. p. 54—55° (Found: C, 71-1; H, 12°85. C,,H,,O, requires C, 71-25; H, 12-95%). Oxid- 
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ation of the diol with chromic acid in sulphuric acid gave a 75% yield of dodecane-2 : 11-dione, leaflets 
from light petroleum (b. p. 40—60°), m. p. 67° (Cason and Prout, J. Amer. Chem. Soc., 1944, 66, 48, 
give m. p. 67-4—67°8°). Sebacic acid, m. p. 130—131°, undepressed on admixture with an authentic 
specimen (m. p. 132°), was obtained when the diketone was shaken with sodium hypobromite solution 
for 48 hours at 20°. ; 

10 : 15-Dimethyltetracosa-11 : 13-diyne-10 : 15-diol (Il; R, = Me; R, = C,H,,).—Methylnonylethynyl- 
carbinol (10 g.; Locquin and Sung, Compt. rend., 1922, 174, 1427) in ethanol (10 c.c.) was added 
to a mixture of ammonium chloride (64 g.), cuprous chloride (40 g.), concentrated hydrochloric acid 
(0-4 c.c.), and water (200 c.c.), and stirred at 65—67°. Oxygen was passed through at about 3 1. per 
minute, and after 45 minutes the reaction mixture was — acid was added to dissolve 
copper salts, and the product was isolated with ether. Distillation gave the glycol (2-75 g.), b. p. 
210°/10* mm., m. p. 40—43° (Found: C, 79-9; H, 11-7. C,,H,,O, requires C, 79-95; H, 11-85%). 
5-4 G. of carbinol were recovered. 


The authors thank the Rockefeller Foundation and I.C.I. Ltd., Dyestuffs Division, for financial 
assistance, and the Department of Scientific and Industrial Research for a maintenance grant (K. H. S.). 
Light-absorption data were determined by Dr. E. A. Braude. 
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314. Researches on Acetylenic Compounds. Part XIII. The Reaction 
Between Epichlorohydrin and Sodium Acetylide. A Novel Route to 
the Ethynyl-ethylenic Alcohol, Pent-2-en-4-yn-1-ol.* 


By L. J. Haynes, Sir Ian HErLBrRon, E. R. H. Jonss, and F. SonpHEIMER. 


Condensation between epichlorohydrin and sodium acetylide in liquid ammonia gives, 
rather unexpectedly, the ethynyl-ethylenic primary alcohol, pentenynol (I). Evidence is 
adduced to show that this reaction proceeds via the ethynyl oxide (III); in particular, it is 
demonstrated that 1 : 2-epoxy-3-phenylpropane (Ph-CH,-CH-CH,) is isomerised to cinnamyl 


alcohol by treatment with sodamide in liquid ammonia. Analogous condensations with the 
sodio-derivatives of 1-hexyne and phenylacetylene give similar products, albeit in poorer yields. 


In connexion with the synthesis of various types of acetylenic hydroxy-acids and the derived 
unsaturated lactones (Haynes and Jones, J., 1946, 503 and 954) the condensation of various 
oxides or epoxy-compounds with sodium acetylide in liquid ammonia has been investigated. 
This paper describes some rather unexpected results which were obtained when epichlorohydrin 
was employed in such reactions. There is only one instance in the literature of the reaction of 
epichlorohydrin with an acetylenic compound, namely phenylacetylenylmagnesium bromide 
(Iotsitch, J. Russ. Phys. Chem. Soc., 1903, 35, 554), when a normal addition product, either 
Ph:C=C-CH,°CH(OH)-CH,Cl or Phe-C==C*CH(CH,Cl)°CH,°OH, was obtained in poor yield. 
When epichlorohydrin reacts with sodium acetylide in liquid ammonia, the sole product, 
obtained in about 40% yield, is the ethynylethylenic alcohol, pent-2-en-4-yn-l-ol (I). This 
substance had already been prepared in these laboratories in extremely poor overall yield from 


HC=CNa + aaah aa —>HC=C-CH=CH'CH,-OH (I, 


HC=C-CH(OH)-CH=CH, (II.) 


acraldehyde via vinylethynylcarbinol (II) (Heilbron, Jones, Lacey, McCombie, and Raphael, 
J., 1945, 77). The yield of the primary alcohol, based on the epichlorohydrin, is markedly 
dependent on the quantity of sodium acetylide employed. Thus with equimolar quantities of 
chlorohydrin and sodium under standard conditions, the yield is only 16%, but it is not improved 
beyond 40% when more than two moles of sodium to one of chlorohydrin are employed. 
Varying the reaction time from 5 to 18 hours has no appreciable effect upon the yield, and this 
was considerably reduced in an experiment in which the reaction mixture was kept under 
pressure at room temperature for 18 hours. When epibromohydrin is used under the optimum 
conditions found for the chlorohydrin, only a 25% yield of pentenynol is obtained. With 
sodium acetylide in liquid ammonia epi-iodohydrin yields mainly di-iodoacetylene. 

The formation of pentenynol (I) from epichlorohydrin can conceivably take place by either 
of two routes, A and B, depending upon whether the initial reaction step is one of substitution or 


* Patent application pending. 
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addition. Conclusive evidence has been obtained to show that route A, involving the 
intermediate formation of an ethynyl oxide (III), by elimination of sodium chloride, gives the 
more accurate picture of the reaction sequence. If, in the reaction with sodium acetylide, 
1-bromo-2 : 3-epoxybutane (IV) is employed in place of epichlorohydrin, different products 
would be expected according as to whether the reaction proceeds by route A or route B. Both 


Route A. HC=CNa + ORE IOC ELM (III.) 


| 


HC=C-CH=CH-CH,-OH (I.) 


" 


Route B. HC=CNa + + Foe —> HC=C-CH,-CH(ONa)-CH,Cl 


of these possible products had already been prepared and characterised in these laboratories and 
it was comparatively simple to demonstrate that the product obtained in 45% yield by 


interaction of the bromo-compound (IV) with sodium acetylide is the straight chain secondary 
alcohol, hexenynol (V). 


Route A. HC=CNa + Br-CH,-CH—CH:CH, (IV.) —-> HC=C-CH=CH-CH(OH)-CH, (V.) 
NoZ 
Route B. HC=CNa + a —> HC=C-C =CH-CH,"OH 
CH, 


The rearrangement of the ethynyl oxide (III) to the primary alcohol (I), inherent in scheme 
A, has been shown to be highly probable by studying the action of alkaline reagents on 
1 : 2-epoxy-3-phenylpropane (3-phenylpropylene oxide) (VI). It remains unaffected on treatment 
with 10% potassium hydroxide and also with sodium acetylide in liquid ammonia, but with 


(VI.) PhCH, CH—CH, —> Ph-C=HCH-CHy OH 
O 


a molecular proportion of sodamide in this medium an 80% yield of cinnamy] alcohol is obtained. 
It is well known that oxides rearrange under suitable conditions to aldehydes or ketones; in 
the case of oxides of the type of (III) and (VI), however, it may well be that isomerisation of the 
ethylenic bond in the intermediate enol form is brought about by the tendency to form 
conjugated vinylacetylene and styrene systems respectively. 

Attempts to extend the scope of the novel reaction between epichlorohydrin and sodium 
acetylide, by using substituted acetylenes, have not been particularly successful. Thus 
phenylacetylene gives only a 15% yield of the primary alcohol (5-phenylpent-2-en-4-yn-1-ol) 
(VII), the structure of which is confirmed by the ultra-violet absorption data and by 


(VIL) PhC=C-CH=CH-CH,OH C,H, C=C-CH=CH-CH,-OH (VIII) 


hydrogenation and then oxidation to 8-phenylvaleric acid. Similarly, although a reaction 


time of 42 hours is necessary, l-hexyne gives non-2-en-4-yn-1-ol (VIII) in 20% yield, converted 
into n-nony] alcohol on hydrogenation. 


EXPERIMENTAL. 
Light-absorption data determined in alcohol solutions. 


Pent-2-en-4-yn-1-ol (I).—(a) To a solution of sodium acetylide in liquid ammonia (7 1.), prepared from 
sodium (276 g.), using the ferric nitrate catalyst of Vaughn, Vogt, and Nieuwland (/. soup. Chom. Soc., 
1934, 56, 2120) to catalyse the formation of sodamide, epichlorohydrin (555 g.) was run in during 2 hours 
with stirring and cooling (alcohol-carbon dioxide). Nitrogen was introduced during the addition and 
during the subsequent 16 hours’ stirring after which ammonium chloride (660 g.) was added during 24 
hours and the ammonia evaporated on the steam-bath. Ether (3 1.) was added, and the solid residue 
obtained on filtering was dissolved in water. A small quantity of tar was removed by filtration, the 
solution was extracted thoroughly with ether, and the combined ethereal solutions were washed with 
dilute sulphuric acid and water and then dried. Evaporation of the solvent and distillation 
gave pent-2-en-4-yn-l-ol (201 g.), b. p. 71—73°/19 mm., n}¥" 1-4972. Light absorption: Maximum, 
2230 a.; ¢ = 15,000. Inflexion, 2290 a.; ¢ = 10,000 (Heilbron, Jones, Lacey, McCombie, and Raphael, 
J., 1945, 77, give b. p. 90°/50 mm., n}#* 1-4933; maximum, 2230 4.; ¢ = 14,000).. The a-naphthyl- 
urethane had m. p. 111—112°, undepressed on admixture with an authentic specimen (m. p. 110—111°). 
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(6) The method described above using epibromohydrin (137 g.) and sodium (46 g.) in liquid ammonia 
(1-2 1.) gave: (i) Pent-2-en-4-yn-1-ol (21 g.), b. p. 80—81°/27 mm., nf” 1-4963, and (ii) a colourless liquid 
(10-6 g.); b. p. 74—75°/1-5 mm., n}* 1-4831, analysing for C,.H,,O, (Found: C, 66-75, 66-4; H, 6-7, 
6-7. C,,H,,0O, requires C, 66-65; H, 67%). Light absorption: Maximum, 2230a.; « = 16,000. 
Inflexion, 2310 a.; ¢ = 12,500. The structure of this product has not yet been ascertained. 

Hex-3-en-5-yn-2-ol (V).—The method described above using 1-bromo-2 : 3-epoxybutane (77-5 g.; 
Delaby, Compt. rend., 1923, 176, 589) and sodium (24 g.) in liquid ammonia (600 c.c.) gave hex-3-en-5-yn- 
2-ol (21-3 g.), b. p. 82—84°/32 mm., m}*" 1-4860 (Heilbron, Jones, Smith, and Weedon, /., 1946, 54, give 
b. p. 79—81°/30 mm., njf*" 1-4842). The phenylurethane had m. p. 83°, undepressed on admixture with 
an authentic specimen, m. p. 83—84° (Jones and McCombie, J., 1943, 261). The a-naphthylurethane 
separated from light petroleum (b. p. 60—80°) in clusters of needles, m. p. 83—84°, undepressed on 

mixture with a specimen prepared from authentic material (Found: N, 5-35. C,,H,,0,N requires 
53% . 

7) a by-product of this experiment there was obtained a substance (7-5 g.), b. p. 122—124°/32 mm., 
66—67°/0-5 mm., jf 1-4745, believed to be 2-(2 : DP obery- 1 Sateayher-t-20-59, a colourless pleasant- 
smelling liquid, slowly turning yellow in air (Found: C, 71-85; H, 8-6. C,,H,,O, requires C, 72-25; H, 
85%). Light absorption : Maximum, 2230 a.; ¢ = 13,500. Inflexion, 2280 a.; ¢ = 12,500. Active 
hydrogen (Zerewitinoff): The ether (94 mg.) evolved 12-7 c.c. of methane (after heating to 90°) at 
20°/772 mm. (0-95 active hydrogen atom). Hydrogenation of the ether (2-06 g.) in ethyl acetate (50 
c.c.) in the presence of platinic oxide (10 mg.) (914 c.c. hydrogen absorbed at 13°/760 mm., equivalent 
to F 3-05) gave 2-(2 : 3-epoxy-1-butoxy)hexane (1-5 g.), b. p. 86—88°/16 mm., n}f* 1-4265 (Found: C, 

69-45; H, 12-0. C,,H,.O, requires C, 69-7; H,11-7%). This saturated ether gave a negligible volume 
of methane in an active hydrogen determination. . 

Cinnamyl Alcohol.—To sodamide, prepared from sodium (1-75 g.), in liquid ammonia (100 c.c.) was 
added 1 : 2-epoxy-3-phenylpropane (10 g.; Levy and Sfiras, Bull. Soc. chim., 1931, 49, 1823). After 
20 hours’ stirring in nitrogen, ammonium chloride (5 g.) was added, and the product was isolated with 
ether in the usual way. Distilla illation gave cinnamyl alcohol (7-8 g.), b. p. 85—87°/0-05 mm., mj}” 1-5852, 
which rapidly solidified. After one crystallisation from ether—pentane it had m. p. 33°, not depressed on 
admixture with an authentic specimen (m. p. 33°). Only a 50% yield of the alcohol was obtained when 
the reaction time was reduced to 6 hours. 

5-Phenylpent-2-en-4-yn-1-ol (VII).—To sodamide, prepared from sodium (7-7 g.) in liquid ammonia 
(400 c.c.) as described above, phenylacetylene (35 g.) was added during 15 minutes. After 1 hour’s 
stirring, epichlorohydrin (30-6 g.) was run in during 15 minutes, the solution was stirred for a further 
16 hours, and was then worked up in the usual manner. Distillation gave, besides some starting material, 
two fractions: (i) B. p. 70—72°/1 mm., n}§* 1-5459 (1-8 g.); (ii) 5-phenylpent-2-en -l-ol (6-8 g.) as a 

e yellow oil, turning dark yellow on keeping, b. p. 94—96°/10-* mm., n° 1-6173 (Found : C, 83-0; H, 

45. C,,H,,O requires C, 83-5; H, 635%). There was a considerable resinous residue. Light 
absorption: Maxima, 2590, 2720, 2890a.; e = 19,000, 26,000, and 21,000 respectively. The 
nm a 2 pre separated from petroleum (b. p. 80—100°) in plates, m. p. 132° (Found: N, 4-25. 
Cos 170,N requires » 4:3% ). 

5-Phenylpentan-1-ol and 3-Phenylvaleric Acid.—A solution of the above carbinol (1 g.) in ethyl acetate 
(30 c.c.) was shaken with hydrogen in the presence of platinic oxide (10 mg.) until absorption 
was complete. Removal of catalyst and solvent, gave on distillation 5-phenylpentan-l-ol (0-75 g.), 
b. p. 150—151°/18 mm., n}" 1-5170 (v. Braun, Ber., 1911, 44, 2867, gives b. p. 155°/20 mm.). Oxidation 
of the saturated carbinol (0-6 g.) with chromic acid in the usual way gave 8-phenylvaleric acid (0-4 g.) 
which after crystallisation from water had m. p. 57-5° (Staudinger and Miiller, Ber., 1923, 56, 713, give 
m. p. 57°). 

len-hentantet (VIII).—1-Hexyne (90 g.) was caused to react with sodamide, made from sodium 

(23-5 g.) in liquid ammonia (1 1.), as previously described, but instead of being cooled, the reaction flask 
was well lagged with cork dust. Epichlorohydrin (80 g.) was dropped in during 1 hour, then the solution 
was stirred for 42 hours without cooling, the volume being kept constant by adding more liquid ammonia 
‘ occasionally. On working up in the usual manner, distilling off starting materials, and carefully 
fractionating the residue through a Widmer column, there was obtained non-2-en-4-yn-l-ol (24 g.) asa 
pleasant-smelling colourless oil, b. p. 67°/0-1 mm., nj” 1-4920 (Found: C, 77-5; H, 10-5. H,,O 
requires C, 78-2; H, 10-2%). Light absorption: Maxima, 2280, 2370a.; e¢ = 14,000 and 12,000 
respectively. The a-naphthylurethane separated from light petroleum (b. p. 40—60°) as a microcrystalline 
powder, m. p. 69° (Found: N, 4°75. Cy H,,O,N requires N, 455%). In an experiment in which 
exactly the same conditions were employed as for the condensation with sodium acetylide (viz., hexyne : 
epichlorohydrin = 2: 1, reaction time 20 hours, cooling in alchohol—carbon dioxide), no appreciable 
amount of non-2-en-4-yn-1l-ol could be detected. 
n-Nonyl Alcohol.—Non-2-en-4-yn-1-ol (1-08 g.) in ethyl acetate (30 c.c.) was shaken in hydrogen with 
platinic oxide until absorption was complete. Removal of catalyst and solvent gave m-nonyl alcohol 
(0-8 g.), b. p. 115°/22 mm., n#" 1-4355; the p-nitrophenylurethane had m. p. 106°; the a-naphthyl- 
urethane had m. p. 64°. (Ellis and Reid, J. Amer. Chem. Soc., 1932, 54, 1674, give b. p. 213-5°, n}* 
1-4320. Hoppenbrouwers, Rec. Trav. chim., 1932, 51, 951, gives m. p. 104° for the p-nitrophenylurethane. 
Adamson and Kenner, J., 1934, 838, give m. p. 65-5° for the a-naphthylurethane.) 


The authors thank the Rockefeller Foundation for financial assistance and the University of London 
for Post-graduate studentships (L. J. H. and F.S.). They are indebted to Dr. E. A. Braude for the 
light-absorption data. 
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315. Researches on Acetylenic Compounds. Part XIV. A Study of the 
Reactions of the Readily Available LEthynyl-ethylenic Alcohol, 
Pent-2-en-4-yn-1-ol. 

By Sir Ian HEILBrRon, E. R. H. Jones, and F. SONDHEIMER. 


A variety of reactions of pentenynol, illustrated in the accompanying diagram, has been 
studied. These include partial hydrogenation, carboxylation, hydration to methylfuran, con- 
densation with formaldehyde to the C, glycol, oxidative —s to the C,, glycol, and oxid- 
ation to the corresponding carboxylic acid with chromic acid. Light-absorption data for the 
diacetylene system in extended chromophores are quoted and discussed. 


THE route hitherto available (Heilbron, Jones, Lacey, McCombie, and Raphael, J., 1945, 77) 
to the ethynylethylenic alcohol, pent-2-en-4-yn-1l-ol (I), was extremely unsatisfactory, only 
about a 4% yield based on acraldehyde being achieved. Now that this interesting substance 
can be obtained in quantity in a single-stage preparation from easily available starting materials, 
as described in the preceding paper, a study of some of its many reaction possibilities became 
worth while. 

In the first place its partial hydrogenation to pentadienol (II) was investigated. This 
substance, which had been found to give an elastic polymer, had previously been prepared 
(Heilbron, Jones, McCombie, and Weedon, J., 1945, 84) in only very poor yield (ca. 5% based 
on acraldehyde) by the route indicated in the accompanying formule. A direct preparation 
from pentenynol (I) offered the possibility of obtaining reasonable samples of this material 


Na-liq.NH, H,-Pa 
CH,—CH:’CHO + C,H, ——————-> CH —CH:CH(OH):C=CH ————> 


1% acid 
CH,=CH-CH(OH)-*CH=CH, ———> CH, =CH-CH=CH‘CH,OH (II) 


for more detailed polymerisation studies. Partial hydrogenation using a palladium-calcium 
carbonate catalyst proceeded in a manner similar to that already observed (Heilbron, Jones, 
McCombie, and Weedon, loc. cit.) with the homologous hexenynol, and after careful fractionation 
a 50% yield of the dienol (II) was obtained. 

Carboxylation of the Grignard complex (cf. Haynes and Jones, J., 1946, 503) gave the 
hydroxy-acid (III), exhibiting the expected light-absorption properties and converted into 
e-hydroxyhexoic acid on complete hydrogenation. Hydration of pentenynol with sulphuric 
acid and mercuric sulphate proceeded analogously to that of the homologous hexenynol (Heil- 
bron, Jones, Smith, and Weedon, J., 1946, 54) and yielded 35% of 2-methylfuran (IV); the 
yield of this highly volatile material could almost certainly be improved by more detailed 
attention to the reaction conditions, etc. 

When pentenynol was originally obtained (J., 1945, 77) one of the few reactions carried out 
with it involved the condensation of its Grignard complex with butaldehyde to give an 
ethylenic-acetylenic glycol. Attempts to condense formaldehyde with pentenynol in the 
same manner were not successful, but by using a copper hydroxide catalyst (General Aniline 
and Film Corp., U.S.P. 2,238,471) and an aqueous solution of formaldehyde, the diol (V) was 
obtained in 40% yield. Its light-absorption properties were as expected for the structure (V) 
and this was conclusively proved by hydrogenation to hexane-1 : 6-diol. The Mannich con- 
densation of pentenynol with formaldehyde and diethylamine, to give the amino-alcohol (VI), 
has already been described in Part XI (p. 1578). 

In Part XII of this series (p. 1580), in which the scope of the oxidative coupling of ethynyl- 
carbinols to diacetylenic glycols in the presence of cuprous ammonium chloride has been con- 
siderably extended, the employment of the ethynyl-ethylenic alcohol, hex-3-en-5-yn-2-ol, in 
such reactions was described. Pentenynol also can readily be oxidised by air in cuprous salt 
solution giving a good yield of the glycol (VII), hydrogenated to decane-1: 10-diol. The light- 
absorption curve for this glycol is given in Fig. 1, and in the Table the data are compared 
with those for its homologue, the preparation of which from hexenynol is described in Part XII. 
It will be noted that the locations of the longer wave-length bands (2930 and 3120 a.) of both 
glycols approximate very closely to those recorded for decatetraenol, containing four con- 
jugated ethylenic linkages. Therefore, although conjugated diacetylenes, unlike the vinyl- 
acetylenes and dienes, fail to show high intensity absorption in the ultra-violet (see Part XII), 
when the diacetylene grouping becomes part of a larger chromophore, as in glycols such as 
(VII), it appears to be capable of transmitting electronic vibrations, giving rise to absorption 
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corresponding to fully conjugated systems. 
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Part XIV. 


As in all other cases where acetylenic bonds are 
involved in chromophoric systems, considerable intensity reductions are observed. The 
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multiplicity of shorter wave-length bands indicates a marked tendency of the diacetylene 
grouping to participate in partial chromophores, probably of the en-yne and ene-diyne types. 






































Oxidation of pentenynol in acetone solution with chromic acid (cf. Bowden, Heilbron, 


Emax.- 


13,000 


12,500 


18,000 
15,500 


12,000 
9,500 


25,000 


26,000 
27,500 
27,500 
17,500 
28,500 


Jones, and Weedon, J., 1946, 39) gives a 60% yield of the corresponding acid (VIII) which, 
Fic. 1. Fic. 2. 
4-6 
a 
4-4 - 
42r { 
) 
Ss 
i 
S 
40F J 
28 Glycol (VII) iii ester of acid (X) 
36 1 1 300 1 | | 
2100 2500 2900 3300 2100 2500 3300 3700 
Wave-length, A. Wave-/ength, A. 
Ymax., A. Emax.- Ymax., A 
Deca-2 : 8-diene-4 : 6-diyne- 2300 38,000 Pent-3-en-l-yn-5-ol-1-carb- 2450 
1: 10-diol (VII) 2370 39,000 oxylic acid (IIT) 
2470 30,000 
2620 8 12,000 But-1-en-3-yne-1l-carboxylic 2420 
2765 20,000 acid (VIII) 
2930 30,000 
3120 23,000 Methy] ester of (VIII) 2440 
2510 
Dodeca-3 : 9-diene-5 : 7-diyne- 2350 42,000 
2: 11-diol? 2470 30,500 Hex-3-en-1l-yn-5-ol-1l-carb- 2455 
2640 10,500 oxylic acid * *2560 
2770 18,000 
2930 30,500 Sorbic acid 2540 
3120 =. 24,500 
Dimethyl ester of (X) 2190 
Decatetraenol # 2985 64,000 2580 
3110 64,000 2680 
2970 
3160 
3390 


* Inflexion. 





1 For preparation see Part XII 
2 Reichstein and Trivelli, Helv. 
? Haynes and Jones, J., 1946, 503. 
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m. Acta, 1932, 15, 1074. 


27,500 


though stable in ether solution, rapidly polymerises when pure even in a vacuum in the dark. 
This instability may be due to the facile occurrence of an intramolecular hydration, leading to 


CH 


the formation of the unsaturated lactone (IX), which would be expected to polymerise easily. 
Such a hypothesis is all the more convincing, since the methyl ester is comparatively stable. 
The structure of the acid is confirmed by hydrogenation to valeric acid and by the light- 





absorption data for the acid and its ester (Table) which are somewhat similar (although, of 
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course, lower in intensity) to that of sorbic acid. The glycol (VII) when oxidised under similar 
conditions with chromic acid gives the amorphous di-acid (X) purified through its crystalline 
dimethyl ester, proof of structure being obtained by hydrogenation to sebacic acid. Light- 
absorption data for the ester (see Fig. 2 and Table) again indicate the participation of the 
diacetylene group in an extended conjugated system. 


Reactions of Pent-2-en-4-yn-1-ol. 


crO, _ an 
HO-CH,,-CH=CH-C=C-C=C-CH=CH:-CH,-OH ——> HO,C-CH=CH-C=C-C=C-CH=CH'CO,H 








(VII) (X.) 
HC=C-CH=CH'CO,H (VIII) 
7 
— Be **> H,C=CH-CH=CH-CH,-OH 
Et,N-CH,,-C=C-CH=CH:CH,’OH <—_—_— HC=C-CH=CH-CH,OH ———> H,C—CH:CH= 3 
, (VI.) CEO Pentenynol (II.) 
(I.) 
Os Cuo,, 
pt a 
gue cw, 
(IIl.) HO,C-C=C-CH==CH-CH,OH im HO-CH,C=C-CH=CH-CH,‘OH (V). 
Y 
HC——-CH 
CH,C CH 
\o% 
(IV.) 
EXPERIMENTAL. 


(Light-absorption data determined in alcohol solutions.) 


Penta-2 : 4-dien-1-ol (II).—A solution of pent-2-en-4-yn-l-ol (160 g.) in ethyl acetate (400 c.c.) 
was hydrogenated using a palladium-calcium carbonate catalyst (20 g.; 0-3% Pd) until 46-7 1. of gas 
had been absorbed. The product obtained after removal of catalyst and solvent was carefully frac- 
tionated through a column containing a 50 x 1-5 cm. section packed with single turn glass helices, 
The numerous fractions collected were divided into two portions: (i) B. p. 32—34°/1-5 mm. }(34 g.), 
nS 1-4620—1-4730. (ii) Penta-2 : 4-dien-l-ol (82-5 g.), b. p. 34—40°/1-5 mm., }§° 1-4770—1-4893. 
There was a considerable resinous residue. Light absorption: Maximum, 2230 a., ¢« = 26,000. 
(Heilbron e¢ al., J., 1945, 87, give b. p. 95—97°/100 mm., nif 1-4902. Maximum, 2230 a., e« = 25,000.) 
The various fractions composing portion (ii) differed but slightly in their light-absorption intensities; 
the refractive index variations are doubtless due to the presence of geometrical isomerides. 

A warm solution of the pentadienol (0-4 g.) and maleic anhydride (0-5 g.) in benzene (4 c.c.) was 
set aside at 20° overnight. Recrystallisation of the separated solid from water gave the lactonic acid 
(0-48 g.), m. p. 176° (Heilbron e¢ al., loc. cit., give m. p. 175—176°) undepressed on admixture with 
an authentic specimen. 

Pent-3-en-1-yn-5-ol-1-carboxylic Acid (III).—Benzene (200 c.c.) was gradually added to a solution 
of ethylmagnesium bromide (from 12-5 g. magnesium) in ether (250 c.c.) at the same time as the latter 
was distilled off. When the temperature of the issuing vapours reached 70°, the mixture was cooled 
(ice) and pent-2-en-4-yn-l-ol (20-5 g.) was added during } hour. After refluxing for 14 hours, the 
suspension of a fine white powder was shaken in an autoclave with solid carbon dioxide (500 g.) for 
22 hours at 20°. The complex was decomposed with ice and dilute sulphuric acid and the aqueous 
layer was continuously extracted with ether during 24 hours. The combined extracts were washed 
with sodium bicarbonate solution, and from the ether layer pent-2-en-4-yn-l-ol (12-8 g.) was recovered. 
The bicarbonate extract was acidified and continuously extracted with ether for 48 hours. The product 
so obtained was crystallised from benzene-ethyl acetate (4:1) giving the acid (6-2 g.) as a micro- 
crystalline powder, m. p. 135—136°, which after subliming at 90° (bath temp.)/10-* mm. and crystal- 
lisation from the same solvents formed plates, m. p. 137° (Found: C, 57-3; H, 5-05. C,H,O, requires 
C, 57-15; H, 48%). The S-bonsylisoth iurvonium salt separated from ethyl acetate-ethanol (4:1) in 
plates, m. p. 155—156° (decomp.) (Found: N, 9-55. C,H,,O,N,S requires N, 9-6%). 

A solution of the acid (1-9 g.) in methanol (30 c.c.) was hydrogenated using platinic oxide (10 mg.) 
as catalyst. The crude e-hydroxyhexoic acid (1-8 g.) was converted into the lactone by heating it at 
160° for 5 minutes, and the lactone was then heated for 3 hours with hydrazine hydrate on the steam- 
































[1947] Researches on Acetylenic Compounds. Part XIV. 1589 


bath. The hydrazide of e-hydroxyhexoic acid crystallised from ethyl acetate-methanol (6:1) in 
plates, m. p. 115° (Natta, Hill, and Carothers, J. Amer. Chem. Soc., 1934, 56, 456, give m. p. 114—115°). 

2-Methylfuran (IV).—A mixture of t-2-en-4-yn-l-ol (8 g.), sulphuric acid (40 c.c., 0-5% w/v), 
and mercuric sulphate (0-2 g.) was dis in steam until the distillate was no longer cloudy (about 
50 c.c. in} hour). The distillate was saturated with salt, the upper layer separated and dried (CaCl,), 
and distillation gave 2-methylfuran (2-6 g.), b. p. 64°/769 mm., nf” 1-4342 (Kizhner, J. Gen. Chem. 
Russia, 1931, 1, 1212, gives b. p. 64°/749 mm., n}* 1-4365). 

The furan (0-25 g.) was added to a warm solution of maleic anhydride (0-3 g.) in benzene (1 c.c.). 
After 4 hour, the solvent was evaporated, and the residue was recrystallised from ether to give the 
adduct (0-4 g.) as needles, m. p. 81° (Rinckes, Rec. Trav. chim., 1931, 50, 1127, gives m. p. 80°). 

Hex-2-en-4-yne-1 : 6-diol (Vy).—A copper hydroxide catalyst was made by _ itating a solution 
of cuprous chloride (3 g.) in peer po acid (45 c.c., 12%) with potassium hydroxide solution (45 c.c., 
40%); it was filtered off and washed well with water. The wet catalyst was then stirred with pent- 
2-en-4-yn-l-ol (15 g.), formaldehyde solution (20 g. ; 40% wiv), water (6 c.c.), and calcium carbonate 
(0-2 g.) under reflux for 42 hours at 90° in ni . e catalyst was filtered off, and distillation 

ave some starting material (2 g.) and a viscous liquid (7-9 g.), b. p. 120—130°/10-* mm., n}®" 1-5442. 
This rapidly solidified and after crystallisation from benzene-ethyl acetate (6:1) furnished the glycol 
(6-8 g.) as needles, m. p. 58—59° (Found: C, 64-1; H, 6-9. C,H,O, requires C, 64-25; H, 7-2%). 
Light absorption: Maximum, 2270 a.; ¢ = 15,000. Inflexion, 2370 a.; ¢ = 12,000. The bisphenyl- 
nm 80%) crystallised from ethanol in needles, m. p. 157° (Found: N, 8-0. C,,H,,0,N, requires 
N, 8-0%). 

Meteo’ : 6-diol.—A solution of the above glycol (1 g.) in methanol (40 c.c.) was hydrogenated 
using platinic oxide catalyst (10 mg.). The product di at 147—148°/18 mm. as a viscous oil 
which rapidly solidified, and crystallisation from ether gave hexane-l : 6-diol (0-6 g.), m. p. 41—42° 
(Hamonet, Bull. Soc. chim., 1905, 33, 539, gives b. p. 152°/17 mm., m. p. 42°). The bisphenylurethane 
formed needles, m. p. 170°, from ethanol (Hamonet, Joc. cit., gives m. p. 171—172°). 

Deca-2 : 8-diene-4 : 6-diyne-1 : 10-diol (VII).—Pent-2-en-4-yn-1-ol (34 g.) was added during 10 minutes 
to a stirred solution of ammonium chloride (240 8) and cuprous chloride (150 g.) in water (600 c.c.) 
at 55°. Air was then bubbled through the red solution (at 55°) for 24 hours, and the product was 
isolated by repeated ethereal extraction. Crystallisation from water gave the diol (22 g.) as yellow 
plates, sintering at 130°, m. p. 153—155° (decomp.) which, on further crystallisation from the same 
solvent or from benzene (in an atmosphere of nitrogen), formed colourless plates, m. p. 155—156° 
(decomp.) (Found: C, 74:25; H, 6-05. C,H,,.O, requires C, 74:05; H, 6-2%). The glycol develops 
a brown colour in air or light. The dibenzoate, p with benzoyl chloride in pyridine at 20° over- 
night, separated from light yen (b. p. 80—100°) in needles, m. p. 96° (Found: C, 77-4; H, 5-0. 
C,,H,,0, requires C, 77°38; H, 49%). Light absorption: Maxima, 2340, 2640, 2810, 2950, 3150 a.; 
e = 63,000, 12,000, 22,000, 26,000, and 23,500 respectively. 

In smaller scale experiments, in which the proportion of copper salt to carbinol was increased still 
further, yields up to 72% were obtained. 

Hydrogenation of the glycol (0-49 g.) in methanol (40 oe) with platinic oxide (5 mg.) and crystal- 
lisation of the Product from benzene gave decane-1 : 10-diol (0-31 g.) as a microcrystalline powder, 
m. p. 71—71-5° (Folkers and Adkins, J. Amer. Chem. Soc., 1932, 5a, 1146, give m. p. 70-8—71:8°; 
Manske, Org. Synth., Coll. Vol. II, 154, gives m. p. 72—74°). 

But-1-en-3-yne-1-carboxylic Acid (VIII).—A mixture of chromium trioxide (35 g.) and concen- 
trated sulphuric acid (56 g.) was made up to 175 c.c. with water, and this solution was added, with 
constant shaking during 30 minutes, to a cooled solution of pent-2-en-4-yn-l-ol (20-5 g.) in acetone 
(150 c.c.), the temperature being kept at 15°. After being shaken for a further 1} hours, the mixture 
was poured into water and repeatedly extracted with ether. The acidic material was removed by 
extraction with sodium bicarbonate solution, which after acidification and ether extraction furnished 
but-1-en-3-yne-1-carboxylic acid (14-1 g.) as a light yellow crystalline mass, m. p. 92—93°; crystallisation 
from light petroleum (b. p. 80—100°) gave long colourless needles, m. p. 94°. The acid soon forms 
an acetone insoluble polymer, even when sealed up in a vacuum in the dark (Found: C, 62°55; H, 
4-5. C,H,O, requires C, 62-5; H, 42%). The S lisothiuronium salt ted from ethyl 
acetate in plates, m. p. 172—173° (Found: N, 10-9. HONS requires N 10-7%). The acid 
(10 g.) was refluxed for 16 hours with methyl-alcoholic sulphuric acid (2%; 200 c.c.); isolation by the 
usual procedure gave, besides some high boiling material, methyl but-1-en-3-yne-1-carboxylate (5-35 g.) 
as a pleasant smelling oil, b. ts 59°/34 mm., nj" 1-4820. On ice cooling it solidified to plates, m. p. 
19—20° (Found: C, 65:7; H, 5°85. C,H,O, requires C, 65-45; H, 5-5%). A solution of the acid 
(0-65 g.) in ethyl acetate (30 c.c.) was shaken with hydrogen in the presence of platinic oxide until 
absorption was complete. The crude valeric acid (0-6 g.) was converted into the amide in the usual 
way, to give the latter as leaflets, m. p. 104—105° (Robertson, J., 1919, 1220, gives m. p. 106°). 

Octa-1 : T-diene-3 : 5-diyne-1 : 8-dicarboxylic Acid (X).—A mixture of chromium trioxide (13 g.) 
and concentrated sulphuric acid (20-8 g.) was made up to 65 c.c. with water, and this solution was 
added, with constant shaking, to a cooled solution of deca-2 : 8-dien-4 : 6-diyn-1 : 10-diol (4 g.) in 
acetone (75 c.c.) at such a rate as to keep the temperature at 25°. The solution was shaken for a 
further hour, then poured into water and repeatedly extracted with ether. The acidic material was 
removed by shaking with sodium bicarbonate solution, which after acidification and ether extraction 
gave octa-1 : 7-dien-3 : 5-diyne-1 : 8-dicarboxylic acid (1-7 g.) as a yellow amorphous powder, charring 
at ca. 300°, which after several precipitations from aqueous methyl alcohol was pale yellow but still 
non-crystalline. 

The diacid (1-6 g.) was refluxed with methyl-alcoholic sulphuric acid (1-5%; 70 c.c.) for 14 hours. 
On cooling, a mass of straw-coloured plates — and were filtered off; the filtrate was poured 
into water, and excess of sodium bicarbonate solution was added. Ether extraction and crystallisation 
of the resulting solid from methyl alcohol gave, when mixed with the solid obtained before, dimethyl 
octa-1 : 7-dien-3 : 5-diyne-1 : 8-dicarboxylate (1-35 g.) as straw-coloured plates, m. p. 103—104°. On 
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further recrystallisation from the same solvent, it was obtained as light yellow plates, m. p. 106°, which 
gradually develop a brown colour (Found : C, 66-3 ; H, 4-7. C,,H,,O, requires C, 66-05; H, 4-65%). 

The diacid was regenerated by keeping a solution of the ester (0-3 g.) in methyl alcohol (125 c.c.) 
containing potassium hydroxide (4 g.) for 48 hours at room temperature. Most of the solvent was 
evaporated, water was added, and the acid product, isolated from the acidified reaction mixture with 
ether, gave the diacid (0-21 g.) having the same properties as before (Found: C, 63-85, 63-6; H, 3-9, 
4:05. C, H,O, requires C, 63-15; H, 3-2%). Light absorption: Maxima, 2580, 2650, 2955, 3155, 
3375 A.; © = 28,500, 28,500, 17,500, 28,500, and 28,500 respectively. 

Sebacic Acid.—The di-ester (130 mg.) in methyl alcohol (75 c.c.) was shaken with hydrogen in the 
presence of platinic oxide (10 mg.) until absorption was complete. The solution was refluxed for 14 
hours with potassium hydroxide (2 g.), and working up in the usual way gave sebacic acid (70 mg.), 
m. p. 132°, undepressed on admixture with an authentic specimen (m. p. 131—132°). 


The authors thank the Rockefeller Foundation for financial assistance, and one of them (F. S.) is 
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determined by Dr. E. A. Braude. 
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316. Some Organic Derivatives of Hexachlorodisiloxane. 
By H. J. Emerkéus and D. S. Payne. 


Methyl, ethyl, and phenyl derivatives of hexachlorodisiloxane have been prepared by 
reaction of the oxychloride with the corresponding Grignard reagent in ethereal solution. 
Hydrolysis of monochloropentaethyldisiloxane gave a stable monomeric hydroxy-compound. 


DesPITE the preparation of a large number of organic monosilicon chlorides by Kipping and his 
co-workers and others, no attempt has been made to prepare organic silicon oxychlorides. In 
view of the predominance of the Si~O-Si linkage in the “‘ silicone ’’ polymers, it was of interest 
to prepare certain simple organic silicon oxychlorides and to examine their properties. In this 
paper the reactions between hexachlorodisiloxane, the simplest silicon oxychloride known, and 
methylmagnesium chloride and ethyl- and phenyl-magnesium bromides are described. The 
mono-, di-, tri- tetra-, and penta-ethyl and the dimethyl and diphenyl derivatives of the 
oxychloride have been isolated. 

All the organodisiloxane chlorides isolated were colourless mobile liquids with melting points 
below room temperature, which hydrolysed readily with water. The products of hydrolysis 
from Si,OCI,Et, Si,OCI1,Et,, Si,OC],Me,, and Si,OC1,Ph, were white solids, whilst Si,OCI,Et, 
gave a translucent viscous liquid, which polymerised further on standing to a rubber-like solid. 
The products obtained by the hydrolysis of Si,OCI,Et, and Si,OCIEt, were liquids which were 
readily soluble in ether. From the products of hydrolysis of Si,OCIEt, it was possible to isolate 
in theoretical yield a monohydroxy-derivative, which was a stable liquid with a smell reminiscent 
of that of camphor. These hydrolysis experiments, which were qualitative, indicated a small 
decrease in the ease of hydrolysis as the number of substituent organic groups was increased. 

The action upon diethyltetrachlorodisiloxane of ammonium fluoride or potassium hydrogen 
difluoride led to formation of ethylsilicon trifluoride, which was fully characterised, together with 
a residue of polymerised material. This result, which illustrates the instability of the Si-O-Si 
bond to fluorination, is in agreement with recent work by Booth and-Osten (J. Amer. Chem. Soc., 
1945, 67, 1092), who obtained a large yield of silicon tetrafluoride in the reaction between 
hexachlorodisiloxane and antimony trifluoride. The same point has been demonstrated by 
Emeléus and Wilkins, who prepared ethylsilicon trifluoride by the action of sulphuric acid on a 
mixture of ethylsiliconic acid and calcium fluoride (J., 1944, 454). Experiments on the 
fluorination of the other alkyl and aryl derivatives described in this paper have not so far been 
made, but some at least might be expected to yield stable fluoro-derivatives. 

The photochemical chlorination of tetrachlorodiethyldisiloxane gave a theoretical yield of 
the fully chlorinated derivative. Thermal chlorination of the same compound at 150—200° 
resulted in the formation of a small quantity of hexachloroethane, indicating that some fission 
of the Si-C bond had occurred. The action of alkali on the fully chlorinated material from the 
photochemical reaction leads to fission of the C-Si bond and the subsequent formation 
of tetrachloroethylene, obtained from the initial hydrolysis product, pentachloroethane, by loss 
of hydrogen chloride. This is in agreement with the known reaction of chloroalkylmonosilicon 
chlorides with alkali. 

Structural isomerism should be possible in the di-, tri-, and tetra-substituted derivatives of 
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hexachlorodisiloxane. This point has not been fully studied, but in the case of the diethyl 
derivative, Si,OCI,Et,, the action of ammonium fluoride yields only ethylsilicon trifluoride, 
which indicates that one ethyl group is attached to each silicon atom. No fission of the C-Si 
bond was observed during this reaction. The preparation of hexa-alkyl- and -aryl-disiloxanes 
was attempted by Schumb, Ackerman, and Saffer (J. Amer. Chem. Soc., 1938, 60, 2486) by 
applying the Wurtz reaction to hexachlorodisiloxane and the alkyl or aryl halides. These 
experiments yielded, however, only the fully substituted monosilicon derivatives in good yield. 
Using the Grignard reaction with phenylmagnesium bromide, Schumb and Saffer (ibid., 1939, 
61, 363) obtained a 40% yield of hexaphenyldisiloxane. The corresponding reaction using 
hexabromodisiloxane yielded small amounts of the monosilicon derivative, triphenylsilicanol. 
In the experiments described here no products of low molecular weight corresponding to 
monosilicon derivatives were detected. Yields of the desired products were relatively high, but 
in every case a residue consisting of material of high molecular weight was obtained. 


EXPERIMENTAL. 


Analysis.—The determination of the percentage of chlorine and silicon present in the compounds 
obtained was carried out by Gillian, Liebhopsky, and Wimslow’s method (J. Amer. Chem. Soc., 1941, 
63, 801). Owing to the low volatility of the derivatives of Si,OCI, it was possible to weigh the sample 
out in a small gelatin ampoule and then to bring it into reaction with A.R. sodium peroxide in a Parr 
microbomb. The quantity of sample weighed out varied with the percentage of chlorine in 
the compounds under analysis, from about 90 mg. of Si,OC1,Et to about 150 mg. of Si,OCIEt;. 

Hexachlorodisiloxane.—Four methods were investigated for this preparation : (i) the reaction between 
a chlorine-oxygen mixture and elemental silicon at temperatures between 700° and 800°; (ii) the reaction 
between silicon tetrachloride and oxygen at 900—950°; (iii) the oxidation of silicochloroform by means 
of solid oxidising agents at temperatures from 200° to 400°; (iv) the partial hydrolysis of silicon 
tetrachloride in ethereal solution. Method (iii) resulted mainly in the complete oxidation of the 
silico-chloroform, leading to formation of silicon and hydrogen chloride. Small yields of Si,OCl, were 
obtained by method (iv), but the main portion of the products consisted of higher oxychlorides. 
Methods (i) and (ii) gave results which were suitable for the preparation of Si,OCI, in large quantities. 
The reaction between silicon tetrachloride and oxygen had the additional merit of being capable of 
adaptation for use as a continuous process. Dry oxygen was passed at the rate of 2—4 1./hr. through 
silicon tetrachloride kept about 10° below its b. p. The mixture of silcon tetrachloride and oxygen thus 
produced passed through the furnace tube maintained at 900—950°. The products together with excess 
of silicon tetrachloride were condensed by means of two water-cooled, double-surface condensers, and 
the condensed liquid was returned to the silicon tetrachloride boiler. The b. p. of the silicon tetrachloride 
increased as the experiment proceeded, and after 2—5 days the apparatus was shut down and the silicon 
tetrachloride fractionated. Hexachlorodisiloxane, b. p. 137—138°, was collected. A small residue of 
higher oxychlorides was obtained. 

The Reaction of Hexachlorodisiloxane with a Grignard Reagent.—In all the experiments the same 
general method was employed. Variations in the reaction conditions are noted in the separate details 
of each experiment. e Grignard reagent was prepared from the organic halide by the usual method. 
A solution of the chloro-compound in anhydrous ether was placed in a three-necked flask (1 g.-mol. of 
Si,OC1, being dissolved in approx. 1 1. of ether), fitted with a stirrer, a spiral double-surface condenser, 
and tap-funnel. The Grignard solution was filtered through glass-wool into the tap-funnel to remove 
excess of magnesium, and then run slowly into the well-stirred solution of the halide. Precipitation 
of magnesium chlorobromide began at once. When the addition was complete, the solution was refluxed 
for 3—6 hours to ensure completion of the reaction. The reaction mixture was allowed to cool, and the 
chlorobromide filtered off rapidly through a large Biichner funnel. The residue on the filter was well 
washed with anhydrous ether. Removal of the ether was carried out by distillation, and the residue was 
then fractionated. Arrangements were made, by means of drying tubes containing silica gel, to exclude 
moisture from the reaction vessel, distillation columns, and other apparatus in which the halides were 
handled. All apparatus was thoroughly dried before use. 

Monoethylpentachlorodisiloxane.—116 G. (0-875 g.-mol.) of ethylmagnesium bromide were treated 
with 200 g. (0-7 g.-mol.) of Si,OCl,. The products after separation were fractionated several times under 
reduced pressure, a 13” column packed with Fenske spirals being used. 47 G. (0-17 g.-mol.) of pure 
monoethylpentachlorodisiloxane were obtained (b. p. 60-0—61-5°/17 mm., 165—164°/757 mm.); yields, 
crude 40%, pure 24% (Found: Cl, 63-6; Si, 19-9; C, 8-9; H, 1-9. Si,OCI,Et requires Cl, 63-7; Si, 
20-1; C, 8-7; H, 18%). 

Diethyltetrachlorodisiloxane.—333 G. (2-5 g.-mols.) of ethylmagnesium bromide were treated with 
285 g.(1 g.-mol.) of Si,OCl,. 236 G. (87%) of crude product were obtained, from which 75 g. (0-28 
g.-mol., 28%) of pure diethyltetrachlorodisiloxane were collected (b. p. 72-5°/12 mm., 186—187°/757 mm.) 
by fractionation under reduced pressure through a modified Widmer column, packed with Monel-metal 
gauze spirals and utilising a partial condensation vapour take-off head (Found: Cl, 52:3; Si, 20-6; C, 
17-9; H, 3-7. Si,OC1,Et, requires Cl, 52-1; Si, 20-6; C, 17-7; H, 3-7%). 

Triethyltrichlorodisiloxane.—498 G. (3-75 g.-mols.) of ethylmagnesium bromide were caused to react 
with 285 g. (1 g.-mol.) of Si,OCl,. 231 G. (85%) of crude product were obtained, from which, by repeated 
fractionation under reduced pressure by means of the column described in the previous preparation, 
it was possible to isolate 78 g. (0-295 g.-mol., 29-5%) of pure triethyltrichlorodisiloxane (b. p. 72-5—73-5°/7 
mm., 202—203°/757 mm.) (Found: Cl, 40-0; Si, 21-5; C, 26-8; H, 5-7. Si,OCI,Et, requires Cl, 40-0; 
Si, 21-1; C, 27-1; H, 5°7%). 

Tetraethyldichlorodisiloxane—An attempt to prepare the pentaethylmonochloro-compound by 
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reaction of 1 g.-mol. of Si,OCl, with 5 g.-mols. of ethylmagnesium bromide led to the isolation of 
tetvaethyldichlorodisiloxane. When 6-25 g.-mols. of the Grignard reagent were used, difficulty was 
experienced in separating the product owing to the bulk of the magnesium chlorobromide, and this bulk 
of inert product probably accounts for the reaction ceasing at the tetra-substituted stage. 194 G. (78%) 
of crude tetraethyl compound were obtained, which after repeated fractionation gave 29 g. (0-11 ory 
11%) of pure product (b. p. 96—98°/13 mm., 215—216°/757 mm.) (Found : Cl, 27-4; Si, 20-9; C, 36-9; 
H, 7-4. Si,OCI,Et, requires Cl, 27-4; Si, 21-6; C, 37-0; H,7-8%). 12G. ofa fraction consisting mainly 
of pentaethyl compound were obtained. 

Pentaethylmonochlorodisiloxane.—The preparation of this compound was carried out in two stages. 
The triethyl compound was first prepared as described above, the crude material being isolated and 
analysed for replaceable chlorine. An amount of ethylmagnesium bromide (366 g., 2-75 g.-mols.) was 
prepared sufficient to reduce the content of the replaceable chlorine in 293 g. of triethyl compound to that 
corresponding to Si,OCIEt,, together with the usual 25% excess of Grignard reagent over the halide. 
Reaction was slower than when the unsubstituted chloride was used and it was necessary to reflux the 
mixture overnight. 237 G. of crude material were obtained, from which it was possible after repeated 
fractionations under reduced pressure to obtain 34 g. (0-135 g.-mol., 12-5%) of pure pentaethyl compound 
(b. p. 86—88°/1 mm., 226—227°/757 mm.) (Found: Cl, 13-9; C, 48-1; H, 10-5. Si,OCIEt, requires 
Cl, 14:0; C, 47-5; H, 10-0%). 

Dimethyltetrachlorodisiloxane.—17 G. (0-1 g.-mol.) of methylmagnesium iodide and 179 g. (2-4 g.-mols.) 
of methylmagnesium chloride, prepared accordin gto Schmalfuss (J. pr. Chem., 1924, 108, 88), were treated 
with 285 g.(1 g.-mol.) of Si,OCl,. Reaction proceeded vigorously and the vessel had to be cooled during 
the early stages of the preparation. 203 G. of crude material were obtained. By using a 28” column 
filled with Monel-metal gauze spirals and fitted with a heater jacket and utilising a total condensation 
partial take-off head, 137 g. (0-56 g.-mol., 56%) of pure dimethyltetrachlorodistloxane were obtained 
(b. p. 67—69°/57 mm., 143—144°/757 mm.) (Found : Cl, 57-5; Si, 23-2; C, 10-2; H, 2-5. Si,OCI,Me, 
required Cl, 58-1; Si, 23-1; C, 9-9; H, 25%). The pure material was colourless but became pink in 
contact with air. 

Diphenyltetrachlorodisiloxane.—520 G. (2-85 g.-mols.) of phenylmagnesium bromide reacted with 
285 g.(1 g.-mol.) of Si,OCl,. The crude product was separated from the small quantity of diphenyl 
obtained by fractionation through a 9” Fenske column, fitted with a heater jacket and utilising a total 
condensation partial take-off head. Further fractionation using the 28” Monel-gauze spiral column used 
in the previous preparation led to the isolation of 64 g. (0-175 g.-mol., 17-5%) of pure compound (b. p. 
114—115°/<1 mm., 319—320°/757 mm.) (Found: Cl, 38-6; Si, 15-1; C, 39-2; H, 2-6. Si,OCI,Ph, 
requires Ci, 38-5; Si, 15-2; C, 39-2; H, 2-7%). The pure material was colourless but on storage became 

ale yellow. 

. Pontacthyldisilozanol.—3 G. of pentaethylchlorodisiloxane were dissolved in 15 ml. of ether and a 
solution containing 2 g. of sodium hydrogen carbonate dissolved in 10 ml. of water added. A steady 
evolution of carbon dioxide occurred for 2 hours. The solution was refluxed for a further 3 hours until 
the evolution ceased. The solution was extracted with portions of ether, the resulting ethereal solution 
was separated and dried (CaCl,) overnight. The ether was removed by distillation, and the product 
distilled under reduced pressure. 2-5 G. (100%) of the siloxanol were obtained (b. p. 96—98° <1 mm.) 
[Found : C, 51-4; H,11-1; M (Rast), 215. Si,OEt,OH requires C, 51-3; H,11:1% M, 232]. 

Photochemical Chlorination of Diethyltetrachlorodtsiloxane.—Dry chlorine was passed into 32-2 g. of 
the disiloxane contained in a quartz test-tube irradiated by U.V. light from a mercury-vapour lamp. 
After 66 hours the increase in weight was 40-5 g. [Calc. for formation of Si,OCI,(C,Cl,),: 40-8 g.]. The 
bulk of the bispentachloroethyltetrachlorodisiloxane distilled within the range 178—183°/<1 mm. and 
consisted of a colourless viscous liquid with a faint smell [Found: Cl, 81-1; M (Rast), ~ 650. 
C,0C1,,Si, requires Cl, 80-6%; M, 617]. 


The authors thank Imperial Chemical Industries Ltd., Dyestuffs Division, for a grant in aid of this 
research. 
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317. Alkyl, Aryl, and Alkoxy-derivatives of Silicon Tetrachloride and 
Silicochloroform. 


By H. J. Emertus and S. R. RoBInson. 


The compounds ethyldichlorosilane, diethylchlorosilane, phenyldichlorosilane, diphenylchloro- 
silane, benzyldichlorosilane, and dibenzylchlorosilane have been prepared from silicochloroform by 
the Grignard reaction. A new method for the preparation of alkyl-alkoxysilanes by the reaction 
between sodium alkoxide and an alkyl silicon chloride is reported. Dziethyldimethoxysilane is 
described. Other known compounds of this type were prepared by the same method and 
characterised. 


Tue alkyl, aryl, and alkoxy-derivatives of silicochloroform and silicon tetrachloride are of 
importance because on hydrolysis they give materials which are known to form resins when 
heated. The preparation of these resin intermediates from silicochloroform is in fact a useful 
alternative to their preparation by hydrolysis of the corresponding derivatives of silicon 
tetrachloride. The only reference in the literature to compounds of the type SiRHX,, where X 
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is a halogen atom, is in work by Rochow (J. Amer. Chem. Soc., 1945, 67, 963), who states that if 
the reaction between methyl chloride and copper-silicon is conducted under conditions such that 
some pyrolysis of the free hydrocarbon radicals occurs, halogenated products of the type 
SiRHX, appear in the product. Products in which the chlorine of silicochloroform is completely 
substituted are, however, known. For example, trimethoxysilane has been prepared from 
silicochloroform and methyl alcohol (Helferich and Hausen, Ber., 1924, 57, 795). The 
corresponding trialkyl compounds have been obtained by the action of zinc alkyls on ethyl 
orthosilicate (Ladenburg, Amnalen, 1872, 164, 301; Pape, Ber., 1881, 14, 1873), and 
triphenylsilane has been prepared by various methods (Kipping and Murray, /., 1929, 360; 
Reynolds, Bigelow, and Kraus, J. Amer. Chem. Soc., 1929, 51, 3067; Kraus and Eatough, ibid., 
1933, 55, 5008). The preparations now described are of ethyl-, phenyl-, and benzyl-dichloro- 
silane, and di-ethyl-, -phenyl-, and -benzyl-chlorosilane, all of which were obtained by using the 
Grignard reaction. The alkyl-alkoxy-compounds described are related to the derivatives of 
silicochloroform by the fact that the alkyl (or aryl) groups are in both cases the only ones resistant 
to hydrolysis. 


EXPERIMENTAL. 


Silicochloroform was prepared by passing hydrogen chloride over powdered silicon at 380° (Booth 
and Stillwell, J. Amer. Chem. Soc., 1934, 56, 1529). The product was fractionated through a 16-inch 
Fenske column, the fraction of b. p. 31—34° being used in the following preparations. 

Ethyldichlorosilane.—1-25 G.-mol. of ethylmagnesium bromide in 500 ml. of ether were added slowly 
to an ice-cooled, mechanically stirred solution of 135-5 g. of silicochloroform in 100 ml. of ether. The 
reaction mixture was heated under reflux for 4 hours, filtered, and the ethereal solution fractionated 
through a 16-inch Fenske column fitted with a reflux head, using a reflux ratio of 5:1. After removal 
of the ether, the following four fractions were obtained : (a) b. p. <74° (8 g.), (b) b. p. 74-5—75-5° (39 g.), 
(c) b. p. 75-6—95° (6 g.), (d) b. p. 95—98° (5-5 g.). Analysis of fraction (b) gave : Si, 21-6; Cl, 54-7; C, 
19-0; H, 4-7. (C,H,C1,Si requires Si, 21-7; Cl, 54-9; C, 186; H, 47%.) A determination of the 
molecular weight by the Dumas method gave 134-1 (Calc.: 129-1). The vapour-pressure curve of this 
compound between — 17° and 70° was measured by means of an isoteniscope. The vapour-pressure data 
are represented by the equation log p = 7-6271 — 1648-2/T; the b. p. was 74-2°, and Trouton’s constant 
20-4. Fraction (d) was shown by chlorine analysis to be a mixture of the mono- and the di-ethyl 
compound. 

The silicochloroform derivatives described below were prepared by the same method, a suitable 
proportion of the appropriate Grignard reagent being used. In each case a series of fractions was 
obtained, one of which preponderated and corresponded to the desired product. 

Diethylchlorosilane.—A fraction of b. p. 97—105° was refractionated through a Fenske column and 
gave this compound, b. p. 99—100°. The yield of purified product was 19% (Found: Si, 22-9; Cl, 
28-9; C, 39-1; H, 9-1; M, by Dumas method, 126-8, 128-1. SiEt,CIH requires Si, 22-9; Cl, 28-9; C, 
39-15; H, 9:0%; M, 122-7). The equation to the vapour pressure curve for the range 0—94° was log 
p = 7-4195—1689-5/T. The b. p. and Trouton’s constant were 99-2° and 19-5, respectively. 

Methyldichlorosilane.—The Gri d compound used was methylmagnesium chloride in n-butyl ether 
(Schmalfuss, J. pr. Chem., 1924, 108, 88). A fraction of b. p. 40-7° was obtained which proved to be 
the desired compound (Found: Si, 22-9; Cl, 61-9; C, 10-0; H, 4-6. SiMeCl,H requires Si, 24-4; Cl, 
61-7; C, 10-4; H, 35%). In this preparation three fractions were collected between 33° and 40-5°, 
and there was difficulty in obtaining a complete separation. 

Phenyldichlorosilane.—A fraction of b. p. 118—119°/25 mm. was twice refractionated and gave a 
fraction, b. p. 65-0—65-3°/10 mm., of phenyldichlorosilane (Found : Cl, 40-2; C, 40-8; H, 3-5. SiPhCl,H 
requires Cl, 40-0; C, 40-7; H, 3-4%). 

Diphenylchlorosilane.—A fraction of b. p. 147—170°/10 mm. was refractionated and gave a fraction, 
b. p. 140—145°/7 mm., of the chlorosilane (Found: Si, 12-4; Cl, 16-3; C, 66-3; H, 5-3. SiPh,ClIH 
requires Si, 12-8; Cl, 16-2; C, 66-0; H, 5-1%). 

Benzyldichlorosilane had b. p. 48°/2 mm. (Found : Si, 14-6; Cl, 37-0; C, 45-8; H, 4-2. Si(CH,Ph)Cl,H 
requires Si, 14-7; Cl, 37:0; C, 46-1; H ,4-2%), and dibenzylchlorosilane b. p. 146—148°/ca. 1 mm. 
(Found: Si, 11-5; Cl, 14-6; C, 67-5; H, 6-2; Si(CH,Ph),CIH required Si, 11-4; Cl, 14-4; C, 68-1; 
H, 6-1%). 

Alkylalkoxysilanes.—The four compounds of this type prepared were ethyltriethoxy-, diethyldiethoxy- 
ethyltrimethoxy-, and diethyldimethoxy-silane. Ladenburg’s method of preparation (Amnalen, 1874, 
178, 143) using the reaction between diethyl zinc and the appropriate silicon ester is not convenient. 
Reaction between Grignard compounds and esters of orthosilicic acid has been used by Post and 
Hofrichter (J. Org. Chem., 1939, 4, 363), and Adrianov (J. Gen. Chem. U.S.S.R., 1938, 8, 558, 1255; 
1939, 9, 203) has prepared monosubstituted derivatives of the type SiR(OEt), by forming the Grignard 
compound in situ from the alkyl halide and magnesium in presence of ethyl orthosilicate, with which 
reaction then occurs. It is not ible by means of the ordinary Grignard reaction to substitute more 
than one of the alkoxy-groups of an orthosilicic ester. 

The direct method of preparing oomnorn of this type is by reaction of the alkylsilicon chloride with 
an alcohol. The alcohol must be completely dry or much material of high molecular weight is obtained ; 
e.g., Friedel and Crafts (Annalen, 1865, 186, 203) found that in the reaction between silicon tetrachloride 
and methanol, two compounds, Si(OMe), and Si(MeO),°O-Si(OMe),, were obtained. Our preliminary 
experiments showed that on refluxing diethylsilicon dichloride and ethyl alcohol together, a considerable 
quantity of ethyl chloride was formed. This was isolated and characterised by its vapour-pressure 
curve; it is presumably formed in the secondary reaction between the alcohol and hydrogen chloride, 
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which yields the alkyl halide and water. Thus, even if the alcohol is initially dry, this water will 
inevitably lead to the production of more complex products. This difficulty has been overcome by using 
the sodium derivative of the alcohol in place of the alcohol itself. 

The ethylsilicon halides required as intermediates were prepared by means of the Grignard reaction 
(Kipping, J., 1907, 91, 209). The sodium alkoxide was prepared by adding sodium in small pieces to an 
excess of the pure alcohol in a flask fitted with a reflux condenser, boiling off the excess of alcohol at the 
completion of the reaction, and removing the residual alcohol in an oil-pump vacuum. The product was 
a fine white powder. 

The theoretical quantity of sodium ethoxide covered with ether was placed in a three-necked flask 
fitted with a mechanical stirrer, reflux condenser, and tap-funnel. The suspension was well stirred, and 
a solution of the theoretical quantity of ethylsilicon trichloride in an equal volume of ether was added 
slowly. The product was refluxed for an hour, transferred to a Kon flask and distilled. Ethyltriethoxy- 
silane was collected at 155—160° and redistilled; b. p. 158—160°, yield 40% (Found: Si, 14-73, 14-65. 
Calc. for CgH,,0,Si: Si, 14-60%). 

Similar preparations were carried out for diethyldiethoxysilane (b. p. 156—157°, yield, 40%), 
ethyltrimethoxysilane (b. p. 123°, yield 58%), and diethyldimethoxysilane (b. p. 130°, yield 70%) (Found : 
Si, 18-75, 18-96, 18-78; M, by Dumas method, 151-0, 153-3, 152-5. C,H,,0,Si requires Si, 18-92%; 
M, 148-3). 

The vapour-pressure curves of these compounds were studied by means of an isoteniscope technique, 
the results being tabulated below. 


Vapour-pressure Latent heat, Trouton’s 

Compound. relationship. B. p. cals. /g.-mol. constant. 
SiEt(OEt), ............ log p = 7-4759 — 1980-5/T  158-9° 9085 21-03 
SiEt,(OEt), .......... log p = 7:3896 — 1940-5/T 157-3 8883 20-64 
SiEt(OMe), .......... log p = 7-:8760 — 1968-1/T 120-9 9007 22-86 
SiEt,(OMe), .......... log p = 7-912 — 2018-5/T 128-1 9240 23-03 


The authors wish to thank Imperial Chemical Industries Ltd. (Dyestuffs Division) for a grant in aid 
of this research. 
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318. Studies in the Azole Series. Part I. A Novel Route to 
5-Aminothiazoles. 


By A. H. Cook, Str Ian HEILBRon, and A. L. Levy. 


Dithiophenylacetic acid reacts with aminoacetonitrile or ethyl aminocyanoacetate to give 
5-amino- and 5-amino-4-carbethoxy-2-benzylthiazole, (III) and (II; R = Et), respectively. 
The behaviour of these bases towards acylating agents, nitrous acid, and in the case of the 
first-mentioned towards diazonium salts, nitrating agents, etc., is described. This seems a 
general synthesis of the hitherto almost unknown class of 5-aminothiazoles, 5-amino-4-phenyl- 
and 5-amino-4-carbethoxy-thiazole being obtained analogously. 


In connection with the study of penicillin (unpublished work) the reaction between sodium or 
methyl dithiophenylacetate and ethyl aminocyanoacetate was examined. The product was at 
first thought to be ethyl phenylthionacetamidocyanoacetate (I) but subsequent investigation 
showed that it was a base which could be better formulated as 5-amino-4-carbethoxy-2-benzyl- 
thiazole (II; R= Et). It formed a stable hydrochloride and on hydrolysis gave the 
corresponding acid (II; R=H). MHexoylation yielded 5-hexoamido-4-carbethowy-2-benzyl- 
thiazole which still exhibited basic properties. Similarly, aminoacetonitrile and sodium 
dithiophenylacetate afforded an excellent yield of a base which by analogy is formulated as 
5-amino-2-benzylthiazole (III). Its light absorption is compatible with this formulation and is 


CO,Et - CO,R H==C-NH H,-CN H==C-NHA 
X ~ NH, x ; oy k ‘ Par 
CH-CN —=¢ \/ s V7 
NH . & CH,Ph 
‘ \ 7 CH,Ph " H,Ph 
(I.) a (II) Secon | (IIT.) (IV.) (V.) 


very similar to that of the corresponding 4-carbethoxy-compound above. It seems that 
phenylthionacetamidoacetonitrile (IV) occurs as an intermediate and cyclises on warming, for a 
small amount of an alkali-soluble isomeride was isolated from the crude aminothiazole. The 
isomeride passed into the aminothiazole on being kept with hydrogen chloride in organic solvents 
and appears therefore to be the acyclic thioamide. This facile formation of 5-aminothiazoles is 

















[1947] 


of interest as they have been so far almost unknown in the literature. Weidel and Niemilowicz 
(Monatsh., 1895, 16, 721) described some degradation products of uric acid which are possibly 
derivatives of 5-aminothiazole. The only other noteworthy reference is to a series of derivatives 
of 5-amino-2-thiocarboxyamidothiazole (‘‘ chrysean’’) originating in the interaction of 
hydrocyanic acid and hydrogen sulphide (see Beilstein’s ‘‘ Handbuch ’’, Vol. 27, 334; Arnold 
and Scaife, J., 1944, 103). Jensen and Hansen (Dansk Tids. Farm., 1943, 17, 189) and 
Ganapathi and Venkataraman (Proc. Indian Acad. Sci., 1945, 22A, 343) have recently prepared 
some 5-aminothiazoles by orthodox reactions but the methods are not entirely satisfactory in 
scope and yield. 

5-Amino-2-benzylthiazole formed a hydrochloride and on acetylation gave 5-acetamido-2- 
benzylthiazole (V) which had marked basic properties, and formed a hydrochloride and a 
methiodide; the latter clearly contained a ‘‘ reactive ’’ methylene group (in the adjacent benzyl 
substituent) and developed an intense cyanine-like colour on being heated with ethyl 
orthoformate under appropriate conditions. The 5-acetylsulphanilamido- and 5-sulphanilamido- 
compounds were also prepared. The sulphanilamide inhibited the growth of Staph. aureus at a 
limiting dilution of 1 : 50,000, but the inhibition was not complete, and even at 1 : 5000 abnormal 
agglutinated clumps of bacterial growth were observed. When (III) was treated with 1 mol. of 
nitrous acid there was some evolution of hydrogen sulphide and rapid appearance of a deep 
red-brown precipitate from which two products were isolated, C,.F,,N,S, (A) and C,.H,,ON,S 
(B). The former formed brilliant crystals with a copper-like lustre and gave deep red solutions. 
The fact that (II) failed to behave similarly with nitrous acid supports structure (VI) rather than 
(VII) (cf. formation of aminoazobenzene). Formulation (VI), representing a diazonium salt 
coupling with a second molecule of amine in the 4-position, is perhaps novel to thiazole 
chemistry but strictly comparable with ortho-coupling of aromatic amines; it is supported by 
the fact that (V) couples with diazonium salts whereas (II) does not share this ability. 
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CH,Ph Teame H,Ph H,Ph 
(VI.) : (VIII.) 
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H,Ph = CH,Ph Lease 
(VIL.) (IX.) 


Product (B) formally contained a sulphur atom of (A) replaced by oxygen, but in view of its 
paler colour and altered light absorption it is tentatively formulated as the imino-compound 
(VIII). This formulation is in keeping with its behaviour on hydrolysis with cold dilute 
hydrochloric acid, which gave a compound C,,H,,0,N,S, obviously the oxazolone (IX). 

It was mentioned above that (III) coupled with diazonium salts, and in illustration the 
orange-scarlet azo-compound (X; R= 4H) was prepared. The acetamido-compound (V) 
likewise coupled to give (X; R= Ac). Both azo-compounds were remarkable in giving 
intense violet colorations with caustic alkalis. When (V) was treated with nitrosyl chloride in 
acetic acid in an attempt to obtain the N-nitroso-derivative (‘‘diazonium acetate ’’) the sole 
product isolated was a nitro-compound which, in view of the ready reactivity of the 4-position, 
is obviously 4-nitvo-5-acetamido-2-benzylthiazole (XI). In this connection it may be noted that 
nitrous acid not infrequently acts as a nitrating agent (e.g., Hodgson, /., 1932, 1812). 
Compound (XI) was also produced by direct nitration of (IV) with a nitric—sulphuric acid 
mixture, and by treatment of its nitrate with sulphuric acid in acetic acid solution. 


NOK Dt F ‘NHR NO ‘NHAc 
(X.) NZ “\ y (XI.) 
H,Ph an 


Similar syntheses have been carried out by employing sodium dithioformate in place of 
dithiophenylacetate. As the reaction with aminoacetonitrile is complex, and in view of its 
special interest, it will form the subject of a separate communication. With ethyl aminocyano- 
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acetate reaction was facile, giving 5-amino-4-carbethoxythiazole identical with the product 
obtained by heating the analogous 2-mercaptothiazole (see following paper) with Raney nickel. 
In the same way a-aminobenzyl cyanide and sodium dithioformate afforded 5-amino-4-phenyl- 
thiazole, characterised as its hydrochloride and acetyl derivative, and likewise identified with the 
base obtained by desulphurising the analogous 2-mercaptothiazole. 

It is noteworthy that all the ring-syntheses described here take place at room temperature, 
several of them in aqueous neutral solution. 


Light-absorption data on the aminothiazole derivatives are recorded on p. 1598 in tabular 
form (cf. table in Part II). 


Methyl ethylxanthate failed to exhibit the reactivity of the above dithio-acid derivatives 
towards a-amino-nitriles. On the other hand, it behaved as a “ thioacylating ’”’ agent towards 
strong bases; e.g., it gives with morpholine N-monothiocarbethoxymorpholine. 


EXPERIMENTAL. 


(a) Crude ethyl aminocyanoacetate (3 g.), prepared by reducing ethyl nitrosocyanoacetate with 
amalgamated aluminium, was allowed to stand with methyl dithiophenylacetate (4 g.). Heat and 
thiol were evolved spontaneously and after a few minutes the mixture set to a mass of yellow needles. 
Treatment with a small quantity of ether gave almost pure 5-amino-4-carbethoxy-2-benzylthiazole (11; 
R = Et) (3-6 g., a further 0-8 g. being recovered from the ethereal residues). It separated from ethanol 
in long colourless needles, m. p. 157° (Found: C, 59-8; H, 5-6; N, 10-9. C,,;H,,0,N,S requires C, 
59-5; H, 5-4; N, 10-7%). 

(b) Ethyl aminocyanoacetate (5 g.) was shaken overnight in ether (50 c.c.) with sodium dithiophenyl- 
acetate (1 equiv.) in water (20 c.c.). Evaporation of the dried ethereal solution gave the free base, 
5-amino-4-carbethoxy-2-benzylthiazole, in poor yield, m. p. 156°. The thiazole (780 mg.) in dioxan 
(3 c.c.) and water (7 c.c.) was kept with 0-51N-sodium hydroxide (6 c.c.) overnight and then heated on the 
steam-bath for two hours. The filtrate was acidified with dilute hydrochloric acid, and the acid 
recrystallised from ethanol. 5-Amino-4-carboxy-2-benzylthiazole separated in irregular prisms, m. p. 
169° with violent evolution of gas (on slow heating) (Found: C, 56-5; H, 4-6; N, 12-0. C,,H,,O,N,S 
requires C, 56-4; H, 4:3; N, 120%). Small quantities of this acid were obtained as a by-product 
during the preparation of the ester via sodium dithiophenylacetate. 

The ester-thiazole (II) (0-52 g.) suspended in ethanol (5 c.c.) was treated with hydrogen chloride at 
— 10°. After 12 hours at 20° the solution was evaporated in a vacuum, and the solid, m. p. 180°, washed 
with ether and crystallised from ethanol-ether. 5-Amino-4-carbethoxy-2-benzylthiazole hydrochloride 
separated in rectangular plates, m. p. 180° (Found: C, 52-3; 52-4; H, 5:5, 5-2; N, 9-7. C,;H,,0,N,CIS 
requires C, 52-5; H, 5-1; N,9-4%). The ester-thiazole (II) (1 g.), m-hexoyl chloride (0-7 g.), and pyridine 
(20 c.c.) were heated together at 80—90° for 2 hours, and the mixture evaporated in a vacuum. The 
residue was extracted with ether but the base remained oily on evaporation of solvent. Addition of 
ethereal hydrogen chloride gave a solid. 5-n-Hexoamido-4-carbethoxy-2-benzylthiazole hydrochloride 
crystallised from chloroform-light petroleum in clumps of feathery needles, m. p. 110°, which lost 
hydrogen chloride on heating to 56° in a vacuum and were dried at room temperature over phosphoric 
oxide (Found: C, 57-5; H, 6-7. C,,H,,;0,;N,CIS requires C, 57-5; H, 6-3%). 

Aminoacetonitrile sulphate (135 g.) in water (200 c.c.) was neutralised (brilliant-yellow) with 
potassium hydroxide (98 g.) in water (230c.c.) inthe cold. A neutral solution of potassium dithiophenyl- 
acetate (1 equiv.) in water (510 c.c.) was added with ether (1500 c.c.), the solution again brought to 
neutrality, and the whole shaken overnight. On separation of the ethereal layer and removal of solvent, 
the residual oil solidified (yield, 165 g., 98%). Crude 5-amino-2-benzylthiazole (III) crystallised from 
ether-light petroleum or chloroform-light petroleum to form colourless needles, m. p. 87° (130 g.), which 
darkened on exposure to light (Found: C, 63-5; H, 5-5; N, 14:5. Cy, H,)N,S requires C, 63-2; H, 
5-3; N, 14:7%). The crude product, m. p. 83° (1-0 g.), was stood for 3 days in a mixture of dioxan 
(5-0 c.c.) and water (8-0 c.c.), and the product (0-2 g.) which separated recrystallised from ethanol to give 
colourless needles, m. p. 161° (decomp.), of phenylthionacetamidoacetonitrile (IV) (Found: C, 63-0; H, 
5-2; N, 14-8. C,,H,).N,S requires C, 63:2; H, 5:3; N, 14:7%). The compound was soluble in 
aqueous-alcoholic potash and was transformed by ethanolic hydrogen chloride into 5-amino-2-benzyl- 
thiazole hydrochloride, m. p. and mixed m. p. 195° (decomp.). 

The base could be conveniently converted into its hydrochloride by several methods; ¢.g., the base 
was covered with 3 vols. of warm ethanol and a little water and treated with a little ethanolic hydrogen 
chloride. This technique was only necessary when starting with the hydrochloride, which was insoluble 
in dry ethanol, but soluble in the wet solvent. The hydrochloride separated and could be recrystallised 
in the same manner, forming rectangular tablets, m. p. 194° (decomp.) (Found: C, 53-0; H, 4:9; N, 
12-4. C,,)H,,N,CIS requires C, 53-0; H, 4:9; N, 12-4%). 

5-Amino-2-benzylthiazole (1 g.) was treated with acetic anhydride (1 c.c.). The mixture became very 
hot, and on being rubbed with light petroleum set to a mass of yellowish crystals (yield, 1-2 g.). 
5-Acetamido-2-benzylthiazole (V) crystallised excellently from benzene, or a mixture of ethyl acetate, 
ethanol, or acetone with light petroleum, in square plates, m. p. 121° (Found: C, 61-8; H,5-3; N, 11-7. 
C,,H,,ON,S requires C, 62-1; H, 5:2; N, 12-1%). It crystallised from water or aqueous solvents as a 
hydrate, m. p. 74—75°, in long hair-like needles. 

The compound was set aside with cold ethanolic hydrogen chloride for 2 days. It passed into 
solution (4 hours) and 5-amino-2-benzylthiazole hydrochloride, m. p. 194° (decomp.), crystallised cleanly 
from the colourless solution in good yield. The acetyl compound (0-95 g.) in concentrated hydrochloric 
acid (5 c.c.) was cooled to — 10° and a little water added. The well-formed crystals were filtered off and 
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washed with a little acetone. 5-Acetamido-2-benzylthiazole hydrochloride separated from ethanol-acetone 
in laths, m. p. 204—206°, which were very stable and did not discolour at 260° (Found : C, 53-7; H, 5-0; 
N, 10-5. Cy y,H,,ON,SCI requires C, 53-6; H, 4:9; N, 10-4%). The same compound was obtained by 
adding ethereat hydrogen chloride to a solution of the base in acetone. The acetyl compound (1 g.) was 
refluxed with methyl iodide (2 c.c.) in acetone (10 c.c.) for 30 minutes, and the quaternary salt filtered off. 
It was insoluble in hot acetone and sparingly soluble in cold water, but crystallised from acetic acid 
(needles), water (rectangular tablets), or spirit (laths); 5-acetamido-2-benzylthiazole methiodide had m. p. 
265° (Found: C, 41-9; H, 4:1; N, 7-4. C,,;H,,ON,SI requires C, 41-7; H, 4:0; N, 7-5%). It gave 
intense blood-red colours with 1 : 3 : 3-trimethyl-2-methyleneindoline-w-aldehyde or ethyl orthoformate 
in hot acetic anhydride—pyridine. . \ 

5-Amino-2-benzylthiazole (9-5 g.) in ice-cold ethanol (280 c.c.) was treated during 15 minutes with 
stirring with ice-cold N-sodium nitrite (50 c.c.) to which had been added 0-474n-hydrochloric acid (105 
c.c., 1 equiv.). The solution became orange and deposited red-brown crystals; these increased as the 
solution was allowed to assume room temperature and were filtered off (yield, 11 g.) after 40 minutes ; 
some evolution of hydrogen sulphide was noticed: The solid was extracted with boiling benzene 
(100 c.c.); the residue (3-5 g.) of bright orange-red powder (A) could be supplemented by a small quantity 
obtained from the alcoholic mother-liquor above. (A) was insoluble in water, ether, and light petroleum, 
slightly soluble in hot ethanol, acetone, chloroform, or ethyl acetate, readily soluble in hot acetic acid. 
It crystallised from acetic acid, nitrobenzene or much toluene in coppery, rectangular tablets or needles, 
m. P. 213° (Found: C, 61:2; H, 4:2; N, 17-4. C,..H,,N,;S, requires C, 61:4; H, 44; N, 
17-9%), formulated as the azo-compound (VI). Light absorption (chloroform): A max. = 281, 291, 
306 mp, E}%, = 230; 453 mp, E}%, = 660. It was insoluble in sodium hydrogen carbonate solution, 
apparently slowly changed by hot aqueous sodium hydroxide, gave a brown hydrochloride when its 
chloroform solution was treated with ethanolic hydrogen chloride, and gave a deep red solution in 
concentrated sulphuric acid. The benzene mother-liquors (above) were chromatographed on alumina ; 
material (B), obtained from a sharp brown band on developing with benzene-ethanol (1: 1), 
recrystallised from chloroform-light petroleum in pale yellow rectangular plates, m. p. 139° (Found : 
C, 64:2; H, 4-7; N, 18-4. C,,H,,ON,S requires C, 64:0; H, 4-6; N, 186%); in a later preparation the 
chromatography could be omitted. (B) is perhaps best formulated as the imino-derivative (VIII) ; it 
was insoluble in cold water, aqueous sodium hydrogen carbonate, and sodium hydroxide, but was 
changed by warm dilute mineral acid. Light absorption (ethanol) : Amax. = 265, 322 my, E}*, = 200, 
250. The imino-derivative was dissolved in warm methanol and diluted with warm 2n-hydrochloric acid. 
On cooling, the ovazolone derivative (IX) separated, filling the tube with crystals, m. p. 116°, which 
recrystallised from methanol in platelets, m. p. 114—116° (Found: C, 62-4; H, 4:6; N, 13-9. 
Cy9H,,.0,N,S,MeOH requires C, 61-8; H, 4:9; N,13-7%). Heating at 100° ina vacuum raises the m. p. 
to 202—205°. Light absorption (ethanol) : A max. = 301 my, E?*, = 290. 

5-Amino-2-benzylthiazole (1 &) in ethanol (30 c.c.) containing potassium acetate was treated with a 
diazonium salt solution prepared with #-nitroaniline (0-7 g.) in excess of 8% hydrochloric acid. The 
vessel was immediately filled with a highly crystalline scarlet precipitate of the azo-dye (2°3 g., m. p. 
140°). It crystallised fairly well from ethanol, isopropanol, #ert.-butanol, or chloroform-ether; it 
’ also crystallised from acetic acid but was partly transformed into green crystals, though the nature of 
this change is obscure. 5-Amino-4-p-nitrobenzeneazo-2-benzylthiazole (X; R =H) crystallised best 
from toluene containing a little nitrobenzene and then formed rust-brown needles, m. p. 158° on rather 
rapid heating (Found: C, 56-8; H, 3-6; N, 20-3. C,,H,,0,N,S requires C, 56-6; H, 3-9; N, 20-6%); 
it gave an intense purple solution with alkali. 

Diazotised p-nitroaniline was coupled similarly with 5-acetamido-2-benzylthiazole. Coupling was 
slower and the colour (orange) less intense than with the aminothiazole. The dye was moderately 
soluble in ether or ethanol, easily soluble in the cold in chloroform, ethyl acetate or acetone. 
5-Acetamido-4-p-nitrobenzeneazo-2-benzylthiazole (X; R = Ac) crystallised from aqueous acetone or 
benzene in laths, m. p. 175—176° (Found: C, 57:2; H, 4:1; N, 18-0. C,,H,,0,N,5 requires C, 56-7; 
H, 4:0; N, 184%); it also gave a magnificent purple colour with sodium hydroxide. 

5-Amino-2-benzylthiazole (1-9 g.) and acetylsulphanilyl chloride (2 g.) were kept together in pyridine 
(5 c.c.) overnight, and the solution poured into water. The oil soon crystallised (yield, 3-2 g.); 
5-acetylsulphantlamido-2-benzylthiazole crystallised from ethyl acetate containing a little ethanol, or from 
aqueous acetone, in needles, m. p. 189° (Found: C, 55:7; H, 4-4. C,,H,,O,N,S, requires C, 55-8; H, 
44%). The acetylsulphanilamide (1-5 g.) was refluxed with 2n-hydrochloric acid (20 c.c.) for 0-5 hour. 
Filtration from a little gum and addition of concentrated aqueous sodium acetate gave 5-sulphanilamido- 
2-benzylthiazole (1 g.), which crystallised from dilute ethanol in prismatic needles, m. p. 182° (Found : 
C, 55-4; H, 44; N, 11-8. C, 9H,,0O,N,S, requires C, 55-6; H, 4-3; N, 12-2%). 

5-Acetamido-2-benzylthiazole (1:25 g.) in 0-5n-hydrochloric acid (10 c.c.) and dioxan to give a 
permanent solution was treated with N-sodium nitrite (10 c.c.) at 0°. After standing for one week the 
brownish needles were collected and recrystallised from aqueous methanol. This compound was 
5-acetamido-2-benzylthiazole nitrate and was obtained from the base and nitric acid in alcohol; it separated 
in colourless needles, m. z 111° (decomp.) (Found: C, 48-9; H, 43; N, 14:2. C,,H,,0,N,S requires 
C, 48-8; H, 4:4; N, 14-2%). When it was dissolved in acetic acid containing concentrated sulphuric 
acid and the solution poured into water it was converted into 4-nitro-5-acetamido-2-benzylthiazole (XI), 
which crystallised from ethanol in needles, m. p. 152° (Found: C, 52-5; H, 4-0; C,,H,,0,N,S requires 
C, 52:0; H, 40%). 5-Acetamido-2-benzylthiazole (4 g.) in acetic anhydride (10 c.c.) and acetic acid 
(30 c.c.) containing fused sodium acetate (4 g.) and phosphoric oxide (0-5 g.) was cooled to 8°, and nitrosyl 
chloride in acetic acid added (0-5 hr.) until the red colour persisted. The mixture was allowed to stand 
at room temperature for 1 hour and was then poured into water (cf. France, Heilbron, and Hey, /J., 1940, 
369). On standing, crystals separated, m. p. 135—140° raised to 152° on crystallisation from benzene 
and light petroleum (charcoal). 5-Acetamido-2-benzylthiazole (1-0 g.) was dissolved in acetic acid (10 c.c.) 
containing concentrated sulphuric acid (1 c.c.), and concentrated nitric acid (0-5 c.c.) added. After 
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30 hours at room temperature the mixture was poured into iced water, and the 4-nitrothiazole, m. p. 
152°, collected. It was soluble in aqueous sodium hydroxide to give a red solution. 

a-Aminobenzyl cyanide (1-3 g.) in ether (10 c.c.) was shaken with sodium dithioformate (1-0 g.) in 
water (10 cai Oe 2 days. 5-Amino-4-phenylihiazole (0-7 g.) separated in colourless needles, m. p. 
135—136°, and was recrystallised from benzene; a further quantity of crude material (0-4 g.) was 
recovered from the ether [Found: C, 61-6; H, 4:6; M (Rast), 170. C,H,N,S requires C, 61-4; H, 
46%; M, 176]. The substance coupled with diazotised aniline in methanol solution containing sodium 
acetate. Treatment of a warm benzene solution of the base with acetic anhydride and addition of light 
petroleum (b. p. 40—60°) gave 5-acetamido-4-phenylthiazole, m. p. 147—148°, crystallising from benzene 
in sheaves of colourless needles (Found: C, 60-4; H, 4:7. C,,H,,ON,S requires C, 60-5; H, 4:6%). 
Solution of 5-amino-4-phenylthiazole in acetic acid and addition of a little ethanolic hydrogen chloride 
caused rapid separation of 5-amino-4-phenylihiazole hydrochloride (Found: C, 51-1; H, 4:1. C,H,N,SCl 
requires C, 50-8; H,4-2%). The compound crystallised from acetic acid in needles, m. p. 218° (decomp.), 
and gave a blue precipitate with sodium nitrite in aqueous solution. 

Crude ethyl aminocyanoacetate (ca. 5 g.) in ether (100 c.c.) was shaken with sodium dithioformate 
(4 g.) in water (50 c.c.), and the product kept overnight at 0°. The crystals recrystallised from ethanol 
to give 5-amino-4-carbethoxythiazole as prisms, m. p. 163-5° (Found: N, 16-3; S, 18-6. C,H,O,N,S 
requires N, 16-3; S, 18-6%); the m. p. was undepressed by the product of desulphurisation of 
5-amino-2-mercapto-4-carbethoxythiazole (Part II). The amine (0-5 g.) was boiled with acetic 
anhydride (0-5 c.c.) for 30 mins., and the solution poured on ice. 5-Acetamido-4-carbethoxythiazole 
crystallised from water in long needles, m. p. 123° (Found: C, 44:7; H, 4:4; S, 15-0. C,H,,0O,N,S 
requires C, 44-9; H, 4:7; S, 150%). : 

Methyl ethylxanthate (1-4 g.) and morpholine (0-9 g.) were mixed. Heat and methylthiol were 
evolved and crystals separated. N-Monothiocarbethoxymorpholine was precipitated completely by 
adding ethanol and water, and recrystallised from aqueous ethanol or light petroleum in long needles, 
m. p. 58—59° (Found : C, 48-2; H, 7-4; N, 8-4. C,H,,0,NS requires C, 48-0; H, 7-4; N, 8-0%). 


4 





5 
Light Absorption of Thiazoles, Ny A 





Substituent : 
S. 4. 5. Solvent. ) n Ei%. 
CH,Ph H NH, EtOH 281 325 
290 300 
CH,Ph CO,Et NH, o» 280 460 
290 390 
H CO,Et NH, - 280 650 
H Ph NH, 280 660 
290 630 
CH,Ph H NHAc - 272 (inflexion) 485 
278 535 
CH,Ph NO, NHAc CHCl, 245 690 
350 370 
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absorption spectra. 
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319.; Studies in the Azole Series. Part II. The Interaction of 
a-Amino-nitriles and Carbon Disulphide. 


By A. H. Coox, Sir Ian HEILBRON, and A. L. Levy. 


The reaction’ between a-amino-nitriles and carbon disulphide leads, according to conditions, 
to 5-amino-2-mercaptothiazoles or derivatives thereof, or to dithiohydantoins. The former may 
be transformed into dithiohydantoins, or hydrolysed to a-amino-acids. The constitutions of 
representative compounds were confirmed by desulphurisation to 5-aminothiazoles or 
iminazoles. The further chemistry of 5-amino-2-mercapto-4-phenylthiazole (IV), in particular 
including its acetylation, methylation, condensation with aldehydes or ketones, and oxidation, 
is described, and some implications of these reactions are discussed. 


THE preceding paper described the preparation and properties of 5-amino-2-benzylthiazole and 
some near derivatives. The preparative method, viz., interaction of aminoacetonitrile and 
sodium or methyl dithiophenylacetate, promised to be of extensive application and the present 
communication deals with a detailed study of the reaction between «-amino-nitriles and carbon 
disulphide, which may be regarded as the anhydride of dithiocarbonic acid. 

This reaction is stated (U.S.P. 2,143,816) to yield dithiohydantoins but the only example 




















[1947] Studies in the Azole Series. Part II. 1599 


described in detail is that with «-aminoisobutyronitrile. That the product was (I) was proved 
by ‘oxidising it to the known 5: 5-dimethylhydantoin which was reconverted into the 
dithio-compound by heating with phosphorus pentasulphide (Henze and Smith, J. Amer. Chem. 
Soc., 1943, 65, 1090; cf. also Jacobson, ibid., 1945, 67, 1996). According to B.P. 512,629, 
spirodithiohydantoins, e.g., (III), are similarly formed from amino-nitriles derived from cyclic 
ketones. It is interesting in view of these findings to recall that Biicherer and Lieb (J. pr. Chem., 
1934, 141, 5) had, by analogy with the formation of hydantoins from carbon dioxide and moist 
a-amino-nitriles, unsuccessfully attempted the similar formation of dithiohydantoins. 


NH NH NH NH NH NH N. S 
7 S 
NS NG NG \CsH 
(I.) (II.) (III.) (IV.) 


Because of complications in the reaction between aminoacetonitrile and carbon disulphide, 
attention was first directed to the reaction between carbon disulphide and «-aminobenzyl 
cyanide; this base is easily accessible from benzaldehyde, hydrogen cyanide, and ammonia 
(Dubsky, Ber., 1919, 52, 232). The reaction was easily effected at room temperature, carbon 
disulphide being used in aqueous suspension. The product was a high-melting yellow crystalline 
solid, C,H,N,S,, which was obviously not 5-phenyl-2 : 4-dithiohydantoin. Contrary to this 
formulation it readily condensed with acetone to give a new compound, C,,H,,N,S,, which 
quickly reverted to the first material in presence of dilute mineral acid. This, together with 
other facts noted below, indicated that the primary product is more properly formulated as 
5-amino-2-mercapto-4-phenylthiazole (IV), and the condensation product as the Schiff’s base (V). 
It is interesting to note that the analogous benzaldehyde Schiff’s base is formed in small yield 
by the direct interaction at room temperature of benzaldehyde, ammonium cyanide, and carbon 
disulphide in ethanol. The thiazole (IV) itself condensed equally easily with other aldehydes 
and ketones such as acetophenone and cinnamaldehyde to give yellow-orange, highly crystalline 
condensation products. All these bases were sensitive to mineral acid but more stable towards 
alkali, giving sparingly soluble sodium salts. Thus the benzaldehyde salt (VI) was obtained 
in yellow crystals, almost insoluble in water but soluble in ethanol, ethyl acetate, or acetone 
like metallic derivatives of dithiocarbamic acids to which they are obviously allied (cf. Delépine, 
Bull. Soc. chim., 1908, 3, 643). 

The chromophoric properties of the 5-aminothiazole system were particularly well illustrated 
by reaction of (IV) with glyoxal whereby the deep-red bisazomethine (VII) was readily formed ; 
it gave a deep purple disodium salt soluble in acetone with an intense blue colour. Exactly 
similar red colours were observed on boiling (IV) in pyridine with diacetyl, phenylmethylglyoxal, 
or benzil, the colours in each case deepening considerably in presence of alkali. Condensation 
proceeded remarkably easily between the hydrochloride of (IV) and carbonyl compounds in 
cold methanol; in this way Schiff’s bases derived from phenanthraquinone and isatin were also 
obtained. 


\ \ \ a 
\ésu Nya \ésu \%su 
(V.) (VI.) (VIL.) 


Hydrolysis of (IV) under moderately vigorous acid conditions gave «-aminophenylacetic acid 
and carbon disulphide. It was weakly basic and pseudoacidic; it formed a hydrochloride, and 
when treated with methyl sulphate in an aqueous alkaline medium was converted into 
5-amino-2-methylthio-4-phenylthiazole (VIII). Similar alkylation with benzyl chloride afforded 
5-amino-2-benzylthio-4-phenylthiazole. Methylation was effected more easily by refluxing with 
methyl iodide in ethanol, the hydriodide of (VIII) being obtained. When the first method was 
used, a water-soluble methosulphate formed a by-product. This compound could still be 
diazotised and coupled with 6-naphthol and is formulated as 5-amino-2-methylthio-4-phenyl- 
thiazole methosulphate. It condensed remarkably easily with compounds containing reactive 
methyl or methylene; for instance, on mixing with an aqueous solution of quinaldine methiodide, 
methylthiol was evolved and a cyanine dyestuff separated in purple crystals. This and similar 
reactions will be reported in detail in due course. 

Diazotisation of (VIII) gave a diazonium salt solution which coupled readily with 
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5-amino-2-benzylthiazole to a deep red dye. Similarly, by using $-naphthol, the crystalline 
azo-dye was isolated. Condensation of (VIII) with glyoxal in ethanol gave the SS’-dimethyl 
derivative of (VII) which separated almost immediately as maroon crystals. A better reagent 
was a cold methanolic solution of the hydrochloride of (VIII), which reacted immediately with 
numerous carbonyl compounds (see experimental portion), to give the corresponding Schiff’s 
bases. It may be mentioned that a colour with glyoxal under these conditions seems diagnostic of 
the presence of a 5-amino-2-mercaptothiazole. Acetylation of (VIII) gave 5-acetamido-2-methyl- 
thio-4-phenylthiazole (IX), also obtained by the action of alcoholic methyl iodide on 
5-acetamido-2-mercapto-4-phenylthiazole (see below); (IX) was relatively stable to boiling 
sodium hydroxide and ethanolic hydrogen chloride. 


Ph_——NH Ph———NHA N 
Tt Ox 7’ 
\omte \Gate W\nF SF y, site 


(VIII.) (IX.) (X.) 


Many attempts were made to condense 5-amino-2-mercapto-4-phenylthiazole (IV) with 
p-nitrosodimethylaniline, a variety of products being obtained under different conditions. 
Insofar as they were examined, however, the reaction seemed one of oxidation—reduction rather 
than condensation. For instance, in pyridine considerable heat was evolved and a deep red 
colour developed; analysis of the red-brown crystalline product agreed best, though not 
completely satisfactorily, with the quinoneimine (X). This formed a labile hydrochloride which 
on more prolonged treatment with ethanolic hydrochloric acid was converted into the 
bis-hydrochloride of p-aminodimethylaniline. 

When (IV) was acetylated for a short time under mild conditions, an alkali-soluble 
monoacetyl derivative formulated as 5-acetamido-2-mercapto-4-phenylthiazole (XII) was 
obtained, though perhaps as a result of hydrolysis of the diacetyl derivative. More drastic 
treatment gave an alkali-labile diacetyl derivative regarded as 5-diacetylamino-2-mercapto-4- 
phenylthiazole (XI), and still more prolonged treatment gave a triacetyl derivative. Both di- 
and tri-acetyl derivatives reverted to (XII) on mild hydrolysis and the triacetyl compound 
must, it appears, be formulated as 5-diacetylamino-2-acetylthio-4-phenylthiazole (XIII). 


Ph——NAc, Ph——NHAc Ph——NAcy 
N. S —> N. S <— N S 
\ we sl NN 
\ésu “sti sac 
(XI) (XII) (XIII.) 


When (IV) was allowed to stand with alkaline hydrogen peroxide it was converted into a 
red sodium salt, from which the free compound was obtained as an orange pigment. Treatment 
of the sodium salt with methyl sulphate gave a non-acidic orange dimethyl derivative. Analyses 
suggested empirical formule of the type C;,H,,ON,S, and C;,H,,ON,S, respectively for these 
products (i.e., four thiazole nuclei with two methyl groups or methylatable hydrogen atoms) 
although the molecular weight of the methyl derivative in camphor seemed to be 306; there is 
as yet insufficient evidence to suggest detailed structures for these compounds. The same 
acidic product was formed on aerial oxidation of (IV) or with sodium nitroprusside in alkaline 
solution, and in surprisingly good yield by treating (IV) with alkali and acetylsulphanilyl 
chloride. 

Many other colour reactions of the mercaptothiazole were observed; e.g., intense red colours 
were developed on warming with benzoyl chloride or 2 : 4-dinitrochlorobenzene but the nature 
of the products was not investigated. 

In view of the antibacterial activity of certain cyclic thiols (Gibbs and Robinson, /J., 1945, 
925), the effect of (IV) was examined. At a concentration of 1 mg./c.c. in neutral phosphate 
buffer it showed considerable inhibition of the growth of Staph. aureus. 

Convincing evidence of the correctness of the thiazole structures was afforded by treating 
(IV) and its derivatives with alkali and Raney nickel respectively. For example, when (IV) 
was brought into contact with the latter reagent in hot ethanol, removal of one atom of sulphur 
proceeded spontaneously to give the known 5-amino-4-phenylthiazole (Part I, preceding paper), 
which, unlike the parent mercapto-compound, gave no characteristic colours with glyoxal. 
The base was also obtained by desulphurising the corresponding acetone or benzaldehyde 


Schiff’s bases of (IV), and the acetyl derivative was smoothly prepared by desulphurising 
5-acetamido-2-mercapto-4-phenylthiazole. 
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When (IV) was boiled with aqueous ammonia the solution soon ceased to give the 
characteristic Schiff’s base with glyoxal, and an isomeride of the original base was isolated ; 
from results described below this is formulated as 2 : 4-dithio-5-phenylhydantoin (XIV). The 
same dithiohydantoin was obtained by treatment of (IV) with caustic alkali, together with 
1’ : 5-bis-(2 : 4-dithio-5-phenylhydantoin) (XV). The latter structure is assigned by analogy 
with diphenylhydantil, formed by the action of alkali on 5-phenylhydantoin (Pinner, Ber., 
1888, 21, 2320; Gabriel, Annalen, 1906, 250, 118). (XV) was more readily obtained by the 
action of mild oxidising agents on the dithiohydantoin. Treatment of 5-amino-2-methylthio-4- 
phenylthiazole (VIII) with alkali led to elimination of methylthiol and formation of 
4-thio-5-phenylhydantoin (XVI) with the same properties as that described by Johnson and 
Chernoff (J. Amer. Chem. Soc., 1912, 34, 1212). The structure of (XIV) was indicated by its 
pseudoacidic and non-basic character and especially by its behaviour with Raney nickel. By 
contrast with the parent thiazole (IV) both sulphur atoms were labile, the product being 
5(4)-phenyliminazole (XVII), also obtained from (XV) by similar means. Further examples 
of this facile synthesis of iminazoles of more general interest will be described in later 
communications. An attempt was made to synthesise (XIV) by the action of phosphorus 
pentasulphide on 5-phenylhydantoin, but surprisingly the product proved to be 
5(4)-phenyliminazole (XVII). Both (XIV) and (XV) were remarkably stable to acid and 
alkaline hydrolysis, more so than their oxygen analogues. 
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When a-aminopropionitrile was treated with carbon disulphide under conditions comparable 
with those in the foregoing experiments, two products were obtained in approximately equal 
yield. One was a pseudo-acid with no observable basic properties and is probably to be 
formulated as 2 : 4-dithio-5-methylhydantoin. The second product evolved acetaldehyde on 
warming with mineral acidand is regarded as the acetaldehyde Schiff’s base of 5-amino-2-mercapto- 
4-methylthiazole, treatment with hydrogen chloride giving 5-amino-2-mercapto-4-methylthiazole 
hydrochloride characterised by the scarlet colour with glyoxal. The formation of the 
acetaldehyde Schiff’s base is clearly similar to that of the corresponding phenyl compound 
described above. Indeed, when the present reaction was deliberately carried out in presence of 
acetaldehyde, dithiohydantoin formation was completely inhibited and the aminothiazole 
derivative was the sole product. 

On similar reaction of ethyl aminocyanoacetate (cf. preceding paper) a product was easily 
isolated which although failing to diazotise under normal conditions did so in concentrated 
sulphuric acid solution and must be formulated as 5-amino-2-mercapto-4-carbethoxythiazole. 
This was confirmed by treatment with Raney nickel, whereby it was converted into 
5-amino-4-carbethoxythiazole, identified with the material described in the preceding paper. 
When the condensation with carbon disulphide was carried out in acetone solution an unstable 
intermediate, probably the acetone Schiff’s base, was obtained which passed into the above 
aminomercaptocarbethoxythiazole on recrystallisation. 

The above examples indicate therefore a general reaction leading to aminothiazoles or 
dithiohydantoins according to conditions. It is possible, moreover, that analogous reactions 
take place between a-amino-nitriles and carbon dioxide, for a facile combination of carbon 
dioxide and a-aminobenzyl cyanide was observed, giving a surprisingly stable product having 
a composition corresponding to (Cg,H,N,),,CO,. Bucherer and Steiner (J. pr. Chem., 1934, 
140, 291) observed that the interaction of carbon dioxide and «-aminoisobutyronitrile led to 
5: 5-dimethylhydantoin together with a second product tentatively regarded as (XVIII; 
R, R’ = Me). 
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The genesis of both products is readily understood if the formation of an imino-oxazolidone as 
an intermediate comparable with the above aminothiazoles be assumed. In this case the 
product from a-aminobenzyl cyanide is best regarded as (XVIII; R= H, R’= Ph). The 
rearrangement of the imino-oxazolidone to the hydantoin may be compared with the transform- 
ation of o-cyanobenzoic acid into phthalimide presumably via an imino-compound (Sandmeyer, 
Ber., 1885, 18, 1499). 

It will be noticed that in the above examples an aminothiazole was obtained in the case of the 
reactions with «-aminobenzyl cyanide or ethyl aminocyanoacetate and that in the former 
instance a medium such as alkali or moist pyridine was required to complete the transformation 
into the dithiohydantoin. This reflects a stabilising influence of the phenyl and the carbethoxyl 
group on the thiazole ring and, secondly, suggests that the mechanism of the transformation 
consists first in fission of the bond (a) : 





Ph:CH-CO,H Acid PhC===C-NH, alkali PhC==—=C-SH ss al 
+ cS, <— oo ——> | aanlh 
NH, N N NH, NH NH 
\ fo \_/ONa or 
H H 


The closely analogous cyclisation of a-carbethoxyaminophenylthioacetamide in alkali to 
4-thio-5-phenylhydantoin (XVI) has been described by Johnson and Chernoff (Joc. cit.). When 
5-amino-2-mercapto-4-phenylthiazole was boiled, on the other hand, with dilute mineral acid, 
a-aminophenylacetic acid and carbon disulphide were formed indicating fission at (b) which 
may be preceded by elimination of ammonia. This indirect hydrolysis of an «-amino-nitrile has 
been applied to the preparation of more complicated a-amino-acids which will be described 
elsewhere. The process offers advantages in that the aminothiazole derivatives are more 
readily isolated and crystallise easily compared with «-amino-nitriles. 

The above transformation into a dithiohydantoin presents no essential novelty, being 
paralleled in other heterocyclic series of varying complexity. Thus the transformation (A) 
was noted by Freund (Amnalen, 1895, 285, 154), (B) by Busch and Limpach (Ber., 1911, 44, 560), 
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and (C) by McClelland and Salkeld (J., 1936, 1143). The observation of “ acyclic ”’ 
transformations of this kind, of which (D) is a recent example (Rivie and Langer, Helv. Chim. 
Acta, 1943, 26, 1722), points to a probable oversimplification in the mechanism suggested under 
(a) above. 

The absorption spectra of most of the above thiazoles are tabulated below. A practically 
invariable feature is a band at ca. 2900 a. which reflects a strong bathochromic effect of the 
5-amino-grouping, as thiazoles and alkylthiazoles exhibit a band at ca. 2400 a. (Ruehle, J. Amer. 
Chem. Soc., 1935, 57, 1887; Jones, Robinson, and Strachan, J., 1946, 91). 


EXPERIMENTAL. 


Reactions with a-A minobenzyl Cyanide.—Redistilled benzaldehyde (367 g.) was mixed with anhydrous 
hydrogen cyanide (103 g.), and aqueous ammonia (d 0-880, 1—2 c.c.) added to initiate the reaction, 
which was moderated by strong cooling. After the mixture had stood at room temperature for 7 hours, 
liquid ammonia (65 g.) dissolved in ethanol (150 c.c.) was added and the mixture stood for 1 day at room 
temperature and 2 days at 0°. The large plates of a-aminobenzyl cyanide (115 g.) which had separated 
were filtered off and washed with plain spirit (500 c.c.); m. p. 55°. The syrupy filtrate was treated with 
carbon disulphide (200 c.c.), and large yellow crystals (126 g.) of the thiazole (see below) were soon 
deposited. This crude product (m. p. 259°, decomp.) contained about 8% of the corresponding benzylidene 
er which can be removed as its insoluble sodium salt by treatment with aqueous sodium 

ydroxide. 

a-Aminobenzyl cyanide (13-5 g.) was refluxed in ether (250 c.c.) with carbon disulphide (10 g.) for 8 
hours. The yield of yellow crystals (12-8 g.) was augmented by standing the filtrate with carbon 
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disulphide (10 g.) overnight (total yield, 19-6 g., 93%). In another preparation the nitrile (20 g.) in 
ether (500 c.c.) was kept with carbon disulphide (11 c.c.) for 2} days, and the crystals (26 g.) collected; 
on longer standing a further 4 g. separated (total yield, 95%). 

a-Aminobenzyl cyanide hydrochloride (1-0 g.) in water (10 c.c.) was neutralised to phenolphthalein 
with 2n-sodium hydroxide, and-carbon disulphide (0-5 c.c.) and a little methanol added. After 17 hrs.’ 
shaking at room temperature, crude 5-amino-2-mercapto-4-phenylthiazole (IV) (0-65 g.) was obtained. 
This was sparingly soluble in ethanol, from which it separated in bright yellow tablets, and in most 
common solvents, but crystallised well from pyridine-ethanol in needles, and then had m. p. 261—262° 
(decomp.) (Found : C, 52-3; H,3-9. C,H,N,S, requires C, 51-9; H, 3-9%). It was converted into a very 
insoluble product in boiling nitrobenzene but dissolved in alkali and was precipitated unchanged by 
acid; it was soluble in aqueous baryta, a barium salt soon crystallising in plates. The thiazole dissolved 
in concentrated sulphuric acid to a lemon-yellow solution and deposited a chocolate-brown precipitate on 
dilution. Treatment with benzoyl chloride or 2 : 4-dinitrochlorobenzene in dioxan gave an intense red 
colour. 

The thiazole (IV) was shaken with ethanolic hydrogen chloride. After about 1 hour the flask was 
filled with a thick cream of hydrochloride. 5-A Stee ng a ee! ag eng hydrochloride could be 
recrystallised from ethanol-ethereal hydrogen chloride but crystallised best from methanol on adding 
concentrated hydrochloric acid; it formed colourless needles, m. p. 189° (decomp.) (Found : C, 44-0; H, 
4-0; N,11-1. C,H,N,S,Cl requires C, 44-2; H, 3-7; N, 11-4%). 

The thiazole (IV) was refluxed with excess of acetone. After 1 hour a clear solution was obtained 
which was evaporated in a vacuum and the residue taken up in ethanol. On cooling, the Schiff’s base 
(V) separated in pale yellow needles, m. p. 187°, in almost theoretical yield (Found: C, 58-2; H, 5-1; 
N, 10-9. C,,H,,N,S, requires C, 58-1; H, 4:8; N,11-3%). The same product (1 g.) was obtained when 
a-aminobenzyl cyanide (1 g.) was refluxed with carbon disulphide (5 c.c.) and acetone (20 c.c.) for 3 
hours, and the solution evaporated until it crystallised. 5-Amino-2-mercaptothiazole was refluxed 
overnight in ethanol with an excess of acetophenone. On filtering and cooling an excellent yield of the 
acetophenone Schiff’s base crystallised. It could be recrystallised from ethanol containing dioxan in 
yellow needles, m. p. 212° (Found: C, 65-5; H, 4-2; N, 86. C,,H,,N,S, requires C, 65-8; H, 4-5; N, 
90%); it was also formed, though in poorer yield, on boiling the components in pyridine. The 
aminothiazole (IV) (2 g.) was refluxed with ethanol (50 c.c.) and cinnamaldehyde (2 g.) for 5 mins., the 
contents of the flask then having set almost solid with a mass of orange crystals (2-7 g.). 
The cinnamaldehyde Schiff’s base was insoluble in ethanol, moderately soluble in hot toluene, chloroform, 
acetone, or ethyl acetate, from which it crystallised in needles, or in acetic acid from which it separated in 
spear-shaped crystals. It was best crystallised from ethanol—dioxan (2:1) in orange needles; m. p. 
226° (Found : C, 68-6, 66-6; H, 4:5, 4-9; N, 8-9: C,,H,,N,S, requires C, 67-1; H, 4:4; N, 8-7%). It 
gave a red crystalline sodio-derivative crystallising from aqueous ethanol, and an intense red colour 
with ethanolic hydrogen chloride or concentrated sulphuric acid, but dilute acid quickly hydrolysed it to 
its components. 

The benzaldehyde Schiff’s base, which could be prepared in the usual manner, crystallised from 
ethanol containing a little water in fine yellow needles, m. p. 226—229° (slow heating) after contracting 
at 205° (Found: C, 65:0; H, 4:1; N, 9-55. C,,H,,N,S, requires C, 64:9; H, 4:1; N, 9-5%). 
Benzaldehyde (10-5 g.) in ethanol (50 c.c.) was kept over-night with ammonium cyanide (4-5 g.) and 
carbon disulphide (8 g.). The Schift’s base (4-0 g.) separated and a further 2-5 g. separated after 1 week. 
The benzaldehyde Schiff’s base dissolved in 2N-sodium hydroxide to a lemon-yellow solution which on 
standing deposited a yellow solid. This sodium salt (VI) was soluble in acetone, ethanol, or ethyl acetate 
and was purified by extraction with acetone and precipitation with light petroleum or by crystallisation 
from aqueous sodium hydroxide, then separating in jagged yellow laths having a pearly lustre, m. p. 
298° (Found: C, 52-0; H, 4:7; N, 7-7. C,,H,,N,S,Na,3H,O requires C, 51-6; H, 4-6; N, 7-5%); it 
gave the original mercapto-compound on acidification. 

5-Amino-2-mercapto-4-phenylthiazole (IV) (2 g.) in 2N-sodium hydroxide (6 c.c.) diluted to 25 c.c. 
was treated with 50% glyoxal (1-5 c.c.) in water (5c.c.). Anintense purple colour appeared immediately, 
heat was evolved, and a sodium salt soon separated. The salt was suspended in hot water (100 c.c.) and 
acidified to give the free condensation called: more was obtained from the filtrate from the sodium 
salt (total yield 1-8 g.). The bisazomethine compound (VII) was practically insoluble in ethanol, acetic 
acid, dioxan, toluene, and other solvents but crystallised from De aE ago in sheaves of purple 
needles, m. p. 292—-293° (decomp.) (Found: C, 55-0; H, 3-4. Cy 9H ,N,S, requires C, 54-8; H, 32%). 
It was soluble in alcoholic ammonia to a purple solution which became deep blue in acetone, the sodium 
salt also giving a blue solution with acetone. The colour was observed also in pyridine but not in dioxan, 
ethanol, ethyl acetate, or diethylamine. 

5-Amino-2-mercapto-4-phenylthiazole (IV) (2 g.), acetic anhydride (10 c.c.), and 1 drop of 
concentrated sulphuric acid were refluxed for 3 minutes and solvent’ removed in a vacuum. The 
crystalline residue was dissolved in hot ethanol (15 c.c.). On cooling, the crystals (0-7 g.}, m. p. 
162—163°, were collected, and a second crop (1:5 g.), m. p. 148—158°, isolated from the mother-liquor 
(this material consisted mainly of the diacetyl derivative and on crystallisation from aqueous ethanol the 
m. p. rose considerably). The solid in the minimum of acetone—benzene (1 : 3) was ae on 
alumina and eluted with 10% and ultimately with 90% acetone in benzene. The material from 10 
fractions was substantially homogeneous (m. p. 244—247°). It was insoluble in hydrocarbons, 
chloroform, ethyl acetate, ether, or water, but soluble in hot ethanol, acetone, or acetic acid. 
5-Acetamido-2-mercapto-4-phenylthiazole (XII) separated from ethanol in colourless needles, m. p. 
244—-245° (Found: C, 53-1; H, 4:0; N, 10-9. C,,H,,ON,S, requires C, 52-8; H, 4:0; N, 11-2%), 
which dissolved immediately in alkali. In a larger preparation 5-amino-2-mercapto-4-phenylthiazole 
(30 g.) was heated to boiling with acetic anhydride (100 c.c.), and the clear solution poured into water 
(11.). The precipitated oil rapidly granulated and was dissolved in sufficient warm 2N-sodium hydroxide 
and precipitated with concentrated hydrochloride acid from a total volume of 21. The product (35-5 g.), 
after being washed and dried at 100°, had m. p. 244° (decomp.). The parent aminothiazole (IV) 
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(1 g.) was refluxed for 5 mins. with acetic anhydride (5 c.c.). On cooling, the solid was collected and 
washed with ether, more being obtained from the filtrate on adding light petroleum (total yield, 1-15 g.). 
5-Diacetylamino-2-mercapto-4-phenylthiazole (XI) recrystallised best from acetic anhydride 2 
prismatic needles, m. p. 166° (Found: C, 53:2; H, 4:2. C,,H,,0,N,S, requires C, 53-4; H, 41%); 
dissolved (0-5 min.) in cold 2N-sodium hydroxide, the preceding monoacetyl derivative being bt. Tle 
on acidification, and hydrolysis also took place slowly on exposure to air. The parent aminothiazole 
(IV) (2 g.) was warmed for 45 mins. at 100° with acetic anhydride (10 c.c.) containing a little sulphuric 
acid, and the solution finally refluxed for 3 mins. and evaporated ina vacuum. The residue crystallised 
and was recrystallised (yield 0-9 g.) from ethanol to give the ériacetyl derivative (XIII) as prisms, m. p. 
132° (Found: C, 54:0; H, 43; N, 85. C,,H,,0,N,S, requires C, 53-9; H, 4:2; N, 84%). This 
compound also reverted to the N -monoacetyl compound on mild hydrolysis. 

5-Amino-2-mercapto-4-phenylthiazole (IV) (10 g.) in 2N-sodium hydroxide (20 c.c.) was stirred with 
chloroform (50 c.c.) and methyl sulphate (5 c.c.) dropped in during 5 mins. Acidification of the aqueous 
layer gave unchanged starting material (1 g.). Evaporation of the chloroform layer and addition of 
alcoholic hydrogen chloride gave 5-amino-2-methylthio-4-phenylthiazole hydrochloride, which crystallised 
from ethanol in magnificent, pale yellow needle clusters, m. p. 175° (decomp.) (Found : C, 46-3; H, 
4-3; N, 10-6. C,,H,,N,S,Cl requires C, 46-4; H, 4:3; N, 10:8%). The crude free base obtained from 
the chloroform solution above was mixed with a small excess of acetic anhydride; heat was evolved and 
the mixture solidified. 5-Acetamido-2-methylthio-4-phenylthiazole (IX) crystallised from ethanol in 
well-formed needles, m. p. 168° (Found: C, 54-9; H, 4-6; N, 10-4. C,,H,,ON,S, requires C, 54-6; H, 
4-6; N, 106%). The compound was still a base, affording a crystalline hydrochloride with hydrogen 
chloride in ethyl acetate. 

In a larger methylation experiment (41-6 g. of aminomercapto-compound) the chloroform was 
evaporated and the semi-crystalline residue treated with ethyl acetate to give 5-amino-2-methylthio-4- 
phenylthiazole methosulphate (5-0 g.), which crystallised best from #ert.-butanol in long needles, m. p. 
123° (Found: C, 41:0; H, 5-0; N, 8-0. C,,H,,0,N,S, requires C, 41-4; H, 4-6; N, 8 0%). The 
compound was water-soluble, and reaction with aqueous quinaldine methiodide containing 1 equiv. of 
sodium hydroxide gave a deep purple precipitate; no colouration was obtained with glyoxal. The 
substance was biologically inactive towards Staph. aureus in 0-2% phosphate buffer (pH 7). The 
corresponding picrate crystallised from acetic acid in needles, m. p. 202° (Found: C, 44-3; H, 3-4; N, 
14-9. C,,H,,0,N,S, requires C, 43-9; H, 3-2; N, 150%). The ethyl acetate filtrate (above) was 
evaporated, and the residue in ether run on to an alumina column and developed with 20% ether in light 
petroleum. The eluates yielded 5-amino-2-methylthio-4-phenylthiazole (VIII), which crystallised from 
light petroleum (b. p. 80—100°) in colourless needles, m. p. 70—71° (Found: C, 54:0; H, 5-0; N, 12-8. 
C4 9H y)N.S, requires C, 54-0; H, 4-5; N, 12-6%). 

5-Amino-2- -mercapto-4-phenylthiazole (IV) (2 g.) was refluxed with methyl iodide (1-5 g.) in ethanol 
(10 c.c.) for 0-5 hour. On cooling, a mass of pale needles separated (2-7 g.), which recrystallised from 
ethanol to give 5-amino-2-methylthio-4-phenylthiazole hydriodide, m. p. 172° (decomp.) (Found: C, 
34:5; H, 3-5. C,)H,,N,S,I requires C, 34-3; H, 3-14%). 

5-Acetamido-2-mercapto-4-phenylthiazole (XII) (34 g.) was refluxed with methyl iodide (20 g.) in 
ethanol (200 c.c.) for 10 minutes, the reaction being exothermic. Pyridine (10 c.c.) was added, and the 
mixture cooled to yield 5-acetamido-2-methylthio-4-phenylthiazole (IX) (37 g.), m. p. 162—210°; 
dilution of the filtrate with water gave a second crop (8-5 g.), m. p. 167°. The combined crops were 
recrystallised from ethanol (250 c.c.) to yield the pure thiazole above, m. p. 168°. 

a-Aminobenzyl cyanide (2-6 g.), benzyl chloride (2-5 g.), and carbon disulphide (1-5 g.) were kept at 
room temperature in pyridine (10 c.c.) for 18 hours. The solvent was evaporated in a vacuum, and the 
syrupy residue treated with water (20 c.c.) and ether (20 c.c.); a small quantity of 5-amino-2-mercapto- 
4-phenylthiazole separated and was removed by filtration. The ether was washed successively with 
2n-sodium hydroxide (20 c.c.), 2N-hydrochloric acid (10 c.c.), and water (20 c.c.) and dried and 
evaporated to yield 5-amino-2-benzylthio-4-phenylthiazole, m. p. 107° (Found: C, 65-0; H, 5-0; N, 
9-2; S, 21-4. C,,H,,N.S, requires C, 64-4; H, 4:7; N, 9-2; S, 215%). The compound crystallised 
best from cyclohexane, and lost benzylthiol on treatment with aqueous alkali. It readily condensed with 
glyoxal to give a scarlet Schiff’s base and could be diazotized in acid solution. 

5-Amino-2-methylthio-4-phenylthiazole hydrochloride (2-5 g.), dissolved in acetic acid (25 c.c.) 
containing concentrated sulphuric acid (2 c.c.), was cooled in a freezing mixture, and treated during 5 
minutes with n-sodium nitrite (10 c.c.). After standing in ice for a further 10 minutes, the diazotised 
base was added to a solution of f-naphthol (1-4 g.) in ethanol (40 c.c.) and water (10 c.c.) containing 
saturated aqueous sodium acetate (10 c.c.), and the precipitated dye collected. Extraction with hot 
ethanol followed by solution in warm benzene and precipitation with light petroleum (b. p. 40—60°) 
gave 2-methylthio-4-phenylthiazole-5- azo-B-naphithol (1-5 g.), which crystallised from ethyl acetate in long 
red needles, m. p. 170—171°, and gave an intense blue solution in concentrated sulphuric acid (Found : 
C, 63-2; H, 4-2; N, 11-3. CopH ON,S, requires C, 63-6; H, 4-0; N, 11- or) 

5-Amino-2- ~methylthio-4-phenylthiazole (VIII) (1-7 g. ) in cold ethanol 30 c.c.) was treated with 50% 
glyoxal (3 c.c.) in ethanol (10 c.c.). A scarlet colour and crystalline precipitate appeared within 20 secs. 
The solution was heated to boiling and filtered hot (yield, 0-7 g.). The azomethine compound was 
insoluble in ethanol, acetic acid, or ethyl acetate, moderately soluble in hot chloroform, benzene, or 
toluene, and crystallised from benzene containing a little light petroleum in needles, m. p. 242—243° 
(decomp.). The compound appeared to form a labile brown hydrochloride, dissolved in concentrated 
sulstemats acid to a purple solution, and was apparently stable to boiling 2N-sodium hydroxide. 

In another preparation of this and other methylated Schiff’s bases equivalent proportions of the 
carbonyl compound and 56-amino-2-methylthio-4-phenylthiazole hydrochloride were mixed in cold 
methanol, and the condensation product crystallised in almost quantitative yield. The results are 
summarised in the following table. This method was also most convenient for preparing the mercapto- 
Schiff’s bases from 5-amino-2-mercapto-4-phenylthiazole hydrochloride, and the last two entries in the 
table are examples of its use. 
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Analysis. 


Carbonyl M. p. and Recryst. . Required, %. 
component. colour. from : * Formula. ’ . ° C. H. N. 
Benzaldehyde . 119°, yellowish- A C,,H,y,N,S, , 8-4 65:8 45 9-0 

green 
Cinnamalde- 143°, bronze CypH1,N.S, 
hyde 
Glyoxal —* deep CosH i gN Sy 





8-1 67-9 48 8-3 
56-7 39 12-0 
6-5 69-9 3-9 


11-6 615 3-7 
16-4 486 2-9 


6-4 69:3 35 
12-1 605 33 


r 

Phenanthra- 187—188°, brown, C.4H,,ON,S, 
quinone green reflex 

Isatin 230°, scarlet-red C,,H,,;ON;S, 

Alloxan 288°, red Cy4H,,O3N,S, 


Phenanthra- 211°, deep purple C.3H,,ON,S, 
quinone (SH) 
Isatin (SH) 311°, purple, cop- C,,H,,ON,S, 
pery lustre 


* A = ethanol; B = acetic acid; C = benzene; D = ethyl acetate; E = pyridine. 


5-Amino-2-mercapto-4-phenylthiazole (IV) (5 g.) and p-nitrosodimethylaniline (5 g.) were warmed in 
pyridine (25 c.c.) to initiate the exothermic reaction. Evaporation and addition of water-ethanol 
(1 : 4, 40 c.c.) gave red-brown crystals which were recrystallised in similar manner or from light petroleum 
and then had m. p. 92°; this is probably the quinoneimine (X) (Found: C, 77-1; H, 7-4. Cy H,.N, 
requires C, 77-5; H, 6-4%). On rapid treatment with ethanolic hydrogen chloride a labile hydrochloride 
was obtained, but longer treatment (at room temp. for 10 mins.) followed by addition of ether gave 
p-aminodimethylaniline dihydrochloride, m. p. 208° (decomp.) (lit. m. p. 218°) (Found: C, 46-6; H, 
6-9; N, 12-7. Calc. for C,H,,N.Cl,: C, 46-0; H, 6-7; N, 13-4%). It gave known colour reactions 
with ferric chloride, sodium nitrite, sodium nitroprusside, hydrogen peroxide, alkaline ferricyanide, 
and iodine in potassium iodide, and the methylene-blue reaction with hydrogen sulphide followed by 
ferric chloride. 

Oxidation Experiments.—5-Amino-2-mercapto-4-phenylthiazole (IV) was oxidised in aqueous alkali 
under a variety of conditions, forming an insoluble, red, crystalline, sodium salt, and a number of other 
more complex green oxidation products which have not been investigated.. Hydrogen peroxide, oxygen, 
potassium ferricyanide, sodium nitroprusside, and benzoquinone all gave red and green products, though 
the proportion seemed to vary with the oxidising agent employed. None of the simple disulphide was 
isolated in these experiments, though there is evidence that it was formed in acid solution. 

In a typical large-scale experiment, the aminothiazole (15 g.) was dissolved in 2N-sodium hydroxide 
(40 c.c.), and oxygen passed through the solution for 16 hours. The red needle crystals (1-8 g.) which 
were precipitated were filtered off, washed with a little water and dried. They decomposed at 277—278° 
and contained sodium. Solution in ethanol, acetone, ethyl acetate, dioxan, or pyridine was very ready, 
and the material could be crystallised from these solvents by adding ether or light petroleum. 
Crystallisation was best effected, however, from warm water, in which the salt was readily soluble. In 
all but acetone and pyridine the solutions were deep red, but in these two solvents the reagent colour was 
very similar to the rhodamines, showing also a violet fluorescence (cf. behaviour of sodium salt of glyoxal 
Schiff’s base). Addition of other metallic ions to the aqueous sodium salt solution caused precipitation 
of crystalline and highly coloured metallic derivatives; e¢.g., the barium salt melted at 267—270° and 
crystallised beautifully from hot aqueous ethanol. Acidification of the sodium salt caused precipitation 
of the free acid (see below) as light orange needles, m. p. 241°. 5-Amino-2-mercapto-4-phenylthiazole 
(IV) (2 g.) in 2n-sodium hydroxide (12 c.c.) was treated with acetylsulphanilyl chloride (2 g.), producing 
an intense purple colour which later became green. After being shaken for 1 hour at room temperature, 
the mixture was filtered, and the insoluble material (0-95 g.) purified by recrystallisation from warm 
sodium carbonate solution, forming deep red needles, m. p. 268—269°, identical with the above sodium 
salt. 

The sodium salt (1-8 g.) was dissolved in hot water (200 c.c.) and filtered from a little insoluble material. 
Sodium hydrogen carbonate solution (20 c.c.) was added, followed by chloroform (100 c.c.), and methyl 
sulphate was dropped into the well-stirred mixture until the intense colour had passed from the aqueous 
to the organic layer. The mixture was filtered from some orange material (substance A) which had 
separated during the reaction and the chloroform was separated, washed, dried, and evaporated to yield a 
mass of dark crystals. These were washed with ether which removed most of the colour, leaving a yellow 
substance which crystallised well from hot ethanol in needles, m. p. 128° [Found: C, 64:5; H, 3-9; N, 
11-7; M (Rast), 306. C,,H,,ON,S, requires C, 64:2; H, 3-7; N, 118%; M, 710]. Light absorption 
(chloroform) : Amax. = 265, 282, 327, 450 mp; E1%, = 525, 525, 320, 820. ' 

Substance A melted at 239—240°, and was identical with the free acid. It was insoluble in both hot 
and cold water, ether, alcohol, acetic acid, and toluene, sparingly soluble in hot ethyl acetate and 
chloroform, and readily soluble in acetone, dioxan, and pyridine on gentle warming. However, 
crystallisation proved difficult; use of mixed solvents in the cold caused either too rapid precipitation 
or none, and prolonged heating with acetic acid or aqueous dioxan caused decomposition into alkali- 
insoluble materials, and yellow materials soluble or insoluble in alkali according to conditions. These 
degradation products were not further investigated. The compound crystallised best from a large 
volume of hot chloroform in small orange needles, m. p. 239—-240° (Found : C, 62-9; H, 3-4; N, 12-1. 
C,,H,,ON,S, requires C, 63-3; H, 3-3; N, 123%). Light absorption (dioxan) : Amax. = 223, 260, 270, 
315, 450 mp. E}*, = 400, 500, 400, 400. 
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5-Amino-2-mercapto-4-phenylthiazole (IV) (10 g.) and Raney nickel (24 g.) were suspended in ethanol 
(120 c.c.) and the mixture heated to boiling, after which the heat of reaction caused spontaneous refluxing. 
When reaction was complete the mixture was cooled, filtered from nickel sulphide, and evaporated in a 
vacuum. The brown semicrystalline residue possessed an amine-like odour and gave an intense green 
fluorescence in ethanol, probably due to small amounts of 2: 2’-bisthiazoles (Karrer and Sanz, Helv. 
Chim. Acta, 1944, 27,619). It was dissolved in benzene and chromatographed on alumina; development 
and elution with this solvent gave, on evaporation, 5-amino-4-phenylthiazole, m. p. 135—136°. 
Continued elution with 20% acetone in benzene yielded a further quantity of the aminothiazole, best 
isolated as the hydrochloride. This substance did not give a red Schiff’s base with methanolic glyoxal. 
5-Acetamido-2-mercapto-4-phenylthiazole (XII) (0-5 g.) and Raney nickel (1-2 g.) were suspended in 
ethanol (20 c.c.), and the mixture refluxed for 10 minutes. Nickel sulphide was removed by filtration, 
and evaporation in a vacuum gave 5-acetamido-4-phenylthiazole, m. p. 147—148°. The reaction was 
cleaner than with the parent amine. The benzaldehyde Schiff’s base of 5-amino-2-mercapto-4-phenyl- 
thiazole (1-0 g.) and Raney nickel (3 g.) were refluxed in éthanol (20 c.c.) for15 minutes. After filtration 
and evaporation in a vacuum a rather poor yield of 5-amino-4-phenylthiazole hydrochloride, m. p. 216° 
(decomp.), was obtained by treating the residue with ethereal hydrogen chloride containing a little 
ethanol. The acetone Schiff’s base of 5-amino-2-mercapto-4-phenylthiazole (V) (0-5 g.) and Raney 
nickel (3 g.) were refluxed in ethanol (15 c.c.) for 15 minutes. Filtration and evporation gave, on rubbing 
with benzene, 5-amino-4-phenylthiazole m. p. 135—136°. 

5-Amino-2-mercapto-4-phenylthiazole (IV) (5 g.) was moistened with ethanol and boiled with 
2n-hydrochloric acid (50 c.c.) for 1-5 hours. No hydrogen sulphide was produced, but an oily liquid was 
formed which was distilled out and collected in methanol containing some a-aminobenzyl cyanide. The 
solution, on standing for a day, deposited yellow crystals of 5-amino-2-mercapto-4-phenylthiazole (IV), 
m. p. 261°, together with a small quantity of red, alkali-soluble crystals, m. p. 272—273°. Essentially, 
therefore, the sulphur is split out as carbon disulphide. The hydrolysate was filtered from some 
insoluble material (0-7 g.; a mixture of unreacted thiazole and an orange-brown substance) and 
evaporated to dryness. The residue was treated with acetone to give colourless rods of a-aminophenyl- 
acetic acid hydrochloride (2-7 g.). Recrystallised from 18% hydrochloric acid it had m. p. 212° 
(decomp.); mixed m. p. with authentic material, 209° (decomp.). Treatment with potassium acetate 
solution gave the free base, subliming at 285—-290°; authentic a-aminophenylacetic acid sublimed at 
281—283°. 

5-Amino-2-mercapto-4-phenylthiazole (IV) (20 g.) was boiled with 2n-sodium hydroxide (100 c.c.) for 
l hour. The solution, which now failed to give a scarlet Schiff’s base with glyoxal, was diluted with 
water (600 c.c.), and the product precipitated by 2Nn-hydrochloric acid (200 c.c.) was extracted with 
boiling acetic acid (300 c.c., 300 c.c., 200 c.c.). The orange residue (4 g.) was insoluble in all common 
solvents except pyridine and was crystallised from alcoholic potash by addition of acetic acid to give 
a 5-bis-(2 : 4-dithio-5-phenylhydantoin) (XV), m. p. 270—271° (decomp.) (Found: C, 51-8; H, 3-15; 

13-6. C,,H,,N,S, requires C, 52-2; H, 3-4; N, 135%). The acetic acid filtrates were cooled to 
O° and the 2: 4-dithio-5-phenylhydantoin (XIV) which separated (10-5 g.) was recrystallised rapidly from 
acetic acid, forming colourless clusters of stout needles, m. p. 264—265° (decomp.) (Found: C, 51-9, 
52:5; H, 4:3, 3:8. C,H,N,S, requires C, 51-9; H, 39%). This substance readily darkened on exposure 
to air or undue heating in solvents. It was soluble in pyridine and dioxan on gentle warming, moderately 
soluble in hot acetic acid, sparingly soluble in hot ethanol, and insoluble in other common solvents. 

5-Amino-2-mercapto-4-phenylthiazole (IV) (1 g.) was boiled gently in aqueous ammonia (d 0-880) 
for 2 hours, a sufficient concentration of ammonia being maintained to keep the thiazole in solution. 
The ammonia was then boiled off, and after filtration from unreacted mercaptothiazole, the solution was 
acidified to yield 2: 4-dithio-5-phenylhydantoin (XIV), m. p. 264—265° (decomp.). 5-Amino-2- 
mercapto-4-phenylthiazole (IV) (5 g.) was refluxed in pyridine (20 c.c.) for 15 minutes; some hydrogen 
sulphide was evolved and the solution became deep red. On cooling, a mass of deep red crystals was 
produced, which could be recrystallised from pyridine, and melted at about 75°. On exposure to air for 
10 minutes, or treatment with ethanol or water, the material fell to an insoluble orange powder, m. p. 
270-—-271°, identical with 1’: 5-bis-(2 : 4-dithio-5-phenylhydantoin) (XV). The same result was 
obtained when 2 : 4-dithio-5-phenylhydantoin (XIV) was substituted for the aminothiazole in the above 
experiment. The deep red crystals were not produced, however, when a saturated pyridine solution of 
the bisdithiohydantoin (XV) was cooled. 5-Amino-2-methylthio-4-phenylthiazole hydriodide (1 g.) was 
refluxed with 2N-sodium hydroxide (20 c.c.) for 0-5 hour. The solution was filtered from a 
little unsaponified material and acidified with concentrated hydrochloric acid. Methylthiol was evolved 
and yellow granular crystals of 4-thio-5-phenylhydantoin (XVI) were precipitated, m. p. 259—260° 
(decomp.) (Johnson and Chernoff, loc. cit., give m. p. 259°, decomp.); mixed m. p. with the 
dithiohydantoin (XIV) 244° (decomp.). 

2 : 4-Dithio-5-phenylhydantoin (XIV) (2 g.) and Raney nickel (6 g.) were suspended in ethanol 
(50 c.c.), and the mixture refluxed for 10 minutes. After filtration from nickel sulphide and evaporation 
to dryness, the residue was extracted with ether to yield, on removal of solvent, 5(4)-phenyliminazole 
(XVII) (0-5 g.) (Found: C, 75-0; H, 5-8. Calc. for C,H,N,: C, 75-0; H, 5-6%), which crystallised 
from benzene in plates, m. p. 133—134° (Pinner, Ber., 1902, 35, 4135, gives m. p. 128—129°). 
1’ ; 5-Bis-(2 : 4-dithio-5-phenylhydantoin) (XV) (2-5 g.) was refluxed in ethanol (50 c.c.) with Raney 
nickel (6 g.) for 0-5 hour. Filtration and evaporation yielded 5(4)-phenyliminazole (XVII), m. p. 
133—134°, extracted from the residue with ether. 

5-Phenylhydantoin (1-2 g.) (Lehmann, Ber., 1901, 34, 372) was boiled in tetralin (20 c.c.) with 
phosphorus pentasulphide (3 g.) for 2 hours. The hot solvent was decanted from the lower oily layer 
which dissolved in warm 2n-sodium hydroxide (50 c.c.), and yielded 5(4)-phenyliminazole (XVII) (0-6 g.), 
m. p. 132—133° (mixed m. p. with product from Raney nickel desulphurisation of the dithiohydantoin, 
133—134°), on cooling. 

5-Amino-2-mercapto-4-phenylthiazole (IV) (20 g.) was boiled with 2nN-sodium hydroxide (250 c.c.) 
until the solution no longer gave an intense red colour with aqueous glyoxal (0-5 hr.). Chloroform 
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(100 c.c.) and benzyl chloride (25 g.) were then added, and the mixture shaken for 4 hours. The plates, 
m. p. 108°, which had separated (28 g.) were filtered off and washed with chloroform. This substance was 
a sodium salt, recrystallisation of which from acetic acid yielded 2 : 4-dithio-5-phenyl-l(or 3)-benzyl- 
hydantoin in needles, m. p. 194° (Found: C, 64:2; H, 4:6; N, 9-2. C,,H,,N,S, requires C, 64-2; H, 
4-7; N, 94%). Light absorption (ethanol) : Amax. 277 my, E\% = 750. The above sodium salt (16 g.) 
was dissolved in warm ethanol (50 c.c.), and benzyl chloride (6-5 g.) added. After standing at room 
temperature for 1 hour the sodium chloride was filtered off, and evaporation of the filtrate to small bulk 
in a vacuum gave a mass of colourless needles. 2 : 4-Dithio-5-phenyl-1 : 3-dibenzylhydantoin crystallised 
from chloroform-light petroleum (b. p. 40—60°) in needles, m. p. 114° (Found: C, 69-6; H, 5-2; N, 
7-4; S, 16-7. C,,H,,N,S, requires C, 71:1; H, 5-2; N, 7-2; S, 16-56%). Light absorption (chloroform) ; 
Amax. 277 mp, E}*, 390. The substance was recovered unchanged after refluxing for 0-5 hour in acetic 
anhydride. A little of the dibenzyl derivative was dissolved in acetic acid, and the crystalline 
hydrochloride precipitated by addition of a few drops of ethanolic hydrogen chloride. 2 : 4-Dithio-5- 
phenyl-1 : 3-dibenzylhydantoin hydrochloride crystallised from acetic acid in colourless needles, m. p. 
168—170° (Found: C, 64-6; H, 5-1; N, 6-6; S, 14-7. C,,H.)N,S,,HCl requires C, 65-0; H, 5-0; N, 
6-6; S, 15-1%). It was soluble in ethanol and insoluble in acetone. 

1’ ; 5-Bis-(2 : 4-dithio-5-phenylhydantoin) (XV) (0-5 g.) was refluxed with 2Nn-sodium hydroxide 
(10 c.c.) for l hour. Acidification yielded 2 : 4-dithio-5-phenylhydantoin (XIV) (0-4 g.), m. p. 267—268° 
(decomp.); (XIV) was stable in alkali. 2: 4-Dithio-5-phenylhydantoin (2 g.) was boiled with 50% 
sulphuric acid (25 c.c.) for 24 hours, the material initially turning orange with simultaneous evolution of 
sulphur dioxide. The mixture was diluted with water, and the insoluble crystals, m. p. 261° (decomp.), 
collected. After treatment with 2N-sodium hydroxide and removal of a little insoluble material, m. p. 
ani acidification gave orange 1’ : 5-bis-(2 : 4-dithio-5-phenylhydantoin) (XV), m. p. 270—271° 

decomp.). 

A wane saturated solution of the dithiohydantoin (XIV) in ethanol was treated with iodine in 
ethanol; immediate decolourisation occurred and 1’ : 5-bis-(2 : 4-dithio-5-phenylhydantoin) (XV) was 
precipitated, m. p. 272° (decomp.). Ferric chloride added to an acetic acid solution gave a similar 
result. Hydrogen peroxide in ethanol gave an insoluble product, m. p. 271—272° (decomp.), which, 
however, was not identical with 1’ : 5-bis-(2 : 4-dithio-5-phenylhydantoin). When an ethanolic solution 
of 2 : 4-dithio-5-phenylhydantoin was refluxed, the bis-compound (XV) was slowly deposited owing to 
aerial oxidation. 

Reactions with a-Aminopropionitrile—Acetaldehyde-ammonia (73 g.) was added in portions during 2 
hours to ice-cold anhydrous hydrogen cyanide (48 c.c.), and the mixture kept for 2 hours at room 
temperature and distilled at 12—15 mm. (Delépine, Bull. Soc. chim., 1903, 29, 1184). Two main fractions 
were obtained, (A) b. p. 65—75°, and (B), b. p. 115—125°, as well as smaller intermediate fractions. 
Fraction (A), which is essentially a-aminopropionitrile (2-1 g.), was kept with carbon disulphide (2-3 g.) 
in ethanol (25 c.c.) for 2 days. 2: 4-Dithio-5-methylhydantoin (3 g.) separated, m. p. 224° (decomp.), 
and was crystallised by solution in aqueous ammonia (d 0-880), dilution with 50% ethanol, and 
precipitation with 2n-hydrochloric acid. The compound was insoluble in common solvents except 
pyridine, and readily darkened on exposure to light and air. It was soluble in aqueous alkali and the 
solution gave a red colour with sodium nitroprusside but not with glyoxal. In the presence of 
acetaldehyde, formation of dithiohydantoin in the above reaction was completely inhibited and the 
acetaldehyde Schiff’s base of the corresponding thiazole (see below) was obtained, though in poor yield. 

Fraction (B), diluted with ethanol, was kept overnight with excess of carbon disulphide, and a mass 
of colourless needles of the acetaldehyde Schiff’s base of 5-amino-2-mercapto-4-methylthiazole, m. p. 
203° (decomp.), separated (Found : C, 42-1; H, 4:8; N, 16-1; S, 37-2. C,H,N,S, requires C, 41-9; H, 
4-7; N, 16-3; S, 37-2%). The compound was soluble in hot ethanol, ethyl acetate, and acetic acid, and 
in cold dioxan and pyridine. It readily darkened on exposure to light or on heating in solvents. The 
Schiff’s base was readily soluble in aqueous alkali, and on warming, acetaldehyde was evolved; warm 
dilute acids also liberated acetaldehyde. When ethanolic hydrogen chloride was added to a solution of 
the Schiff’s base in warm ethyl acetate, 5-amino-2-mercapto-4-methylthiazole hydrochloride, m. p. 197° 
(decomp.), was rapidly precipitated (Found: C, 26-6; H, 4-1; N, 148. C,H,N,S,Cl requires C, 26-3; 
H, 3-8; N, 15:3%). The compound was insoluble in acetic acid, acetone, and ethanol, soluble in 
methanol and water, and was best crystallised from methanol and ether. It darkened on exposure to 
light, and did not yield a free base on treatment with aqueous sodium hydrogen carbonate; treatment of 
a methanolic or aqueous solution of the above hydrochloride with aqueous glyoxal gave an immediate 
scarlet precipitate. 

a-Aminopropionitrile hydrochloride (5-3 g.) (Dubsky, Ber., 1916, 49, 1048) was suspended in ethanol 
(25 c.c.) containing a little phenolphthalein and titrated to neutrality with n-ethanolic sodium ethoxide. 
After filtration from sodium chloride, the mixture was set aside over-night at 0° with carbon disulphide 
(4 c.c.). 2: 4-Dithio-5-methylhydantoin (1-1 g.), m. p. 223° (decomp.), separated, and addition of 
ethereal hydrogen chloride to the filtrate gave 5-amino-2-mercapto-4-methylthiazole hydrochloride 
(1-1 g.), m. p. 197° (decomp.). 

Reaction with Ethyl Aminocyanoacetate.—An ethereal solution of the ester (see Part I, Joc. cit.) was kept 
overnight at 0° with excess of carbon disulphide. Extraction and crystallisation of the residue from 
ethanol yielded colourless barrel-shaped tablets of 5-amino-2-mercapto-4-carbethoxythiazole, m. ry 
182—183° (decomp.) (Found: C, 35-7; H, 4-0; N, 13-4. C,H,O,N,S, requires C, 35:3; H, 3-9; N, 
13-7%). The compound contains a diazotisable group but did not give a colour with glyoxal. The 
above compound (2 g.) was suspended in ethanol (30 c.c.) with Raney nickel (6 g.) and refluxed for 15 
minutes. Filtration of the intensely blue fluorescent solution and evaporation yielded 
5-amino-4-carbethoxythiazole, m. p. 163° after crystallisation from ethyl acetate, undepressed by the 
material described in the preceding paper. 

5-Amino-2-mercapto-4-carbethoxythiazole (1-0 g.) was refluxed with methyl iodide (1-0 g.) in ethanol 
(5 c.c.) for 3 minutes, and the plates (1-5 g.) which separated on cooling recrystallised from methanol and 
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ether to give 5-amino-2-methylthio-4-carbethoxythiazole hydriodide, m. p. 164—165° (decomp.) (Found : 
Treatment with aqueous sodium hydrogen carbonate readily 
yielded the corresponding base, which crystallised from aqueous ethanol in long needles, m. p 
(Found : C, 38-8; H, 5-1; N, 13-1; S, 29-4. C,H,,0,N,S, requires C, 38-5; H, 4-6; N, 12°8; S, 29-4%). 

Reaction with Carbon Dioxide.—a-Aminobenzyl cyanide (1 g.) was dissolved in ethanol (30 c.c.), and a 
slow stream of carbon dioxide passed through the solution overnight. The flocculent precipitate was 
recrystallised from acetic acid to give a-cyano-a’-carbamyldibenzylurea (XVIII; R=H, R’ = Ph 
m. p. 224° (decomp.) (Found : 


N, 8-1. C,H,,0,N,IS, requires N, 8-1%). 


Light absorption of thiazoles, 


C, 66-0; H, 53. C,,H,;,O,N, requires C, 66-2; 
The,compound was only slowly attacked by boiling dilute acids and alkalis. 





Substituents : 
2. + 5. Solvent. 
SH Ph NH, Dioxan 
Aq.NaOH 
SAc Ph NAc, CHCl, 
SH Ph NAc, CHCl, 
SH Ph NHAc  Dioxan 
SMe Ph NH, MeOH 
(hydrochloride) 
SH CO,Et NH, Dioxan 
SMe Ph NH, EtOH 
(methosulphate) 
SMe Ph NHAc CHCl), 
SNa Ph N:CHPh EtOH 
SH Ph NiCMePh Dioxan 
SH Ph N:CMe, Dioxan 
SMe Ph N:CH’CH:N CHCl, 


(bis-azomethine) 
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Amax.- Ei%, 
281 
290 460 
300 
223 680 
306 660 
223 980 
290 195 
(inflexion) 
242 6 
235 560 
282 
29] 420 
306 360 
228 700 
281 
290 510 
308 410 
323 319 
223 560 
281 
299} 390 
308 370 
282 490 
291 480 
306 420 
320 370 $ inflexions 
336 300 
228 220). 
242 165 } inflexions 
350 280 
235 600 
282 
399} 460 
300 
308} 490 
219 600 
265 650 
282 600 
290 500 
428 625 
255 875 
328 240 
401 400 
267 535 
280 440 >after 1 day 
365 240 
290 500 
352 230 
ron $00 } after 1 day 
265 520 
281 
290 600 
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320. Syntheses of Some Amino-acids, including Methionine. 


By J. R. Catcn, A. H. Coox, A. R. Granam, and Sir [an HEILBRON. 


Methyl-, ethyl-, and benzyl-thiol readily combined with acraldehyde in presence of organic 
bases to give f-methyl-, -ethyl-, and -benzyl-thiopropaldehydes, which were satisfactorily 
converted by the Strecker reaction into methionine, ethionine, and S-benzylhomocysteine 
respectively. Similar reactions employing benzylthiol with crotonaldehyde or 
B-methylcrotonaldehyde led to the corresponding a-amino-y-benzylthio-acids of which the 
second was debenzylated to a-amino-y-mercapto-y-methyl-n-valeric acid. In accordance with 
this formulation, the acid did not behave like a substituted cysteine but gave thiazans (i.e., 
6-membered ring compounds) by condensation with carbonyl compounds. Some of the above 
amino-acids were also obtained by indirect hydrolysis of the corresponding nitriles via 
heterocyclic intermediates. 


Tuis work was carried out in connection with the synthesis of «-amino~y-mercapto-y-methyl-n- 
valeric acid (I). This acid is of interest in view of its relationship to penicillamine 
(II), a degradation product of the various naturally occurring penicillins, and therefore presents 
the possibility of obtaining analogues of the natural antibiotics. 


Me,C-CH,CH-CO,H oe RR’-CH,CHO 
H NH, H NH, R” 
(I.) (II.) (III.) 


Compounds which might have provided the closest models for the synthesis of (I) were 
methionine and homocysteine. However the syntheses of these acids which have hitherto 
been considered most practicable would require, when applied to (I), intermediates of doubtful 
accessibility. An obvious route to methionine, the Strecker reaction applied to 8-methylthio- 
propaldehyde (III; R, R’ = H; R” = Me), has been explored by Barger and Coyne (Biochem. 
J., 1928, 22, 1420) and rejected as a useful method because of poor yields. Despite this 
circumstance it seemed worth while exploring the possibilities of working with the analogue 
(III; R, R’ = Me; R” = Horother group). 

The aldehyde (III; R, R’=H; R” = Me) has previously been obtained (Barger and 
Coyne, Joc. cit.) from $-chloropropaldehyde diethylacetal via the 8-methylthioacetal, but direct 
addition of thioacetic acid or thiols to af-unsaturated aldehydes offered an improved route. 
Kaneko and Mii (J. Chem. Soc. Japan, 1938, 59, 1382; C.A., 1939, 33, 2106), and Rothstein 
(J., 1940, 1560) have described the addition of methyl- and ethyl-thiol respectively to 
acraldehyde, but the conditions employed by the first-mentioned authors are obscure and the 
yield recorded for the second addition is poor. It has now been found that thioacetic acid 
readily adds to acraldehyde, crotonaldehyde, and 8-methylcrotonaldehyde to give satisfactory 
yields of $-acetylthio-propaldehyde, -n-butaldehyde, and -isovaleraldehyde (II1; R, R’ = H; 
R =H, R’= Me; R, R’ = Me respectively, R’” = Ac); these formulations are based on 
analogy with additions of thiols (see below) where there can be no doubt of the direction of 
addition. Meanwhile, similar reactions with thiols were found to proceed equally readily, and 
closer attention was paid to them in view of the greater probability of cleaner transformations 
at later stages. 

Methyl- and ethyl-thiols were found to react quickly with acraldehyde at 0° in presence of a 
catalytic quantity of a strong base such as triethylamine to give $-methylthio- and 
B-ethylthio-propaldehyde (III; R, R’ =H; R” = Me, Et, respectively) in good yield. In 
similar fashion benzylthiol and the appropriate a$-unsaturated aldehyde afforded {-benzylthio- 
propaldehyde, -n-butaldehyde, and -isovaleraldehyde (III; R, R’ =H; R=H, R’ = Me; R, 
R’ = Me respectively, R’” = CH,Ph). All these aldehydes were characterised as their 
dinttrophenylhydrazones. 

6-Methylthiopropaldehyde was converted by anhydrous hydrogen cyanide followed by 
ammonia into «-amino-y-methylthio-n-butyronitrile (IV) (R, R’ = H, R” = Me) which was 
more conveniently isolated as its oxalate than as its hydrochloride. In the same way the 
homologous nitrile (IV; R, R’ =H, R” = Et) was obtained, also as its oxalate, and the 
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above-mentioned benzylthioaldehydes were similarly converted into the nitriles (IV; 
R” = CH,Ph; R, R’ = H; R=H, R’ = Me; R, R’ = Me), isolated as their hydrochlorides. 


RR’-CH,CH-CN \ edited a pan = ~ 
SR” NH, SR” lances SMe —_N:C(SH): 
(IV.) (V.) (VI.) 


Facile hydrolysis of certain «-amino-nitriles has been effected (Cook, Heilbron, and Levy, in 
the press) by first allowing them to react with carbon disulphide and refluxing the resulting 
5-amino-2-mercaptothiazoles with dilute mineral acids, and the behaviour of some of the present 
a-amino-nitriles under these conditions was therefore investigated. «-Amino-~y-methylthio-n- 
butyronitrile and carbon disulphide gave 5-8-methylthioethyldithiohydantoin (V) (R’ = Me) 
directly, though the anticipated 5-amino-2-mercapto-4-$-methylthioethylthiazole could be 
obtained as its benzylidene derivative (VI) by carrying out the condensation in presence of 
benzaldehyde (Cook, Heilbron, and Levy, loc. cit.). The nitrile (IV; R, R’ =H; R” = Et) 
similarly afforded 5-ethylthioethyldithiohydantoin (V; R’’ = Et). Hydrolysis of (V; R’’ = Me) 
and of (VI) yielded methionine as was anticipated, but in these instances there was no advantage 
in proceeding via the heterocyclic compounds for methionine could be obtained in satisfactory 
yield by direct hydrolysis of the appropriate nitrile with boiling hydrochloric acid. It 
is noteworthy that by the steps outlined above methionine was obtained from acraldehyde in an 
overall yield of 29%, the process thus appearing much superior to earlier preparations. 
Ethionine was obtained similarly in equally satisfactory yield. 

Two of the above a-aminobenzylthio-nitriles (IV; R’” = CH,Ph; R =H, R’ = H or Me) 
were hydrolysed similarly without difficulty to give s-benzylhomocysteine and «-amino-y-benzyl- 
thio-n-valeric acid respectively. The third «-aminobenzylthio-nitrile (IV) (R’” = CH,Ph; 
R, R’:= Me) was however converted into the corresponding «-amino-acid only in poor yield by 
direct hydrolysis. It was fortunate that in this case reaction with carbon disulphide under 
selected conditions gave not a dithiohydantoin but 5-amino-2-mercapto-4-8-benzylthioisobutyl- 
thiazole (VII). Unlike the previous dithiohydantoins, compound (VII) was not only pseudoacidic 
but was also basic and condensed easily with glyoxal in the characteristic manner of 5-amino- 


CMe,CH,'C C-NH, on fgg Oo Seema ] et a 
SCH,Ph N:C(SH):S [ Seas’ pa N:C(SH): ‘ S—CHPh-NH 


(VII.) (VIII.) (IX.) 


2-mercaptothiazoles to give the bisazomethine derivative (VIII). The thiazole (VII) could 
be hydrolysed without difficulty and thus satisfactorily afforded «-amino-y-benzylthio-y-methyl- 
n-valeric acid. The benzyl group was removed from the latter compound by means of sodium 
in liquid ammonia to give «-amino-‘y-thiol-y-methyl-n-valeric acid (I). 

The direction of addition of methyl- and ethyl-thiol to acraldehyde is clear from the eventual 
emergence of methionine and ethionine. That similar additions of benzylthiol take place in a 
comparable direction to that postulated above seems certain in that the amino-acid 
formulated as (I) failed to give the indigo-blue colour with ferric chloride which is characteristic 
of «-amino-$-thiol-acids such as cysteine and its homologues. The acid (I) still however 
condensed easily with carbonyl compounds, for example giving with benzaldehyde 
4-carbomethoxy-6 : 6-dimethyl-2-phenylthiazan (IX) by simultaneous esterification. 

It was at first thought that the amine corresponding to the amino-acid (I) might be more 
easily accessible and worthy of study. To this end 6-benzylthio-n-butaldehyde and -8-methyl- 
n-butaldehyde were converted into their oximes which were reduced to y-benzylthio-n-butylamine 
and -y-methyl-n-butylamine. The preparation of the acid (I) however made the debenzylation 
of these amines less important and the pursuit of this part of the project was discontinued. 


EXPERIMENTAL. 


Acraldehyde (5-6 g.; 6-7 c.c.) was cooled in ice, and thioacetic acid (7-6 g., 7:1 c.c.) was added. A 
brisk reaction took place and the product, after standing overnight, was distilled under reduced pressure. 
B-Acetylthiopropaldehyde, b. p. 92—93°/14 mm., n}§° 1-4943, was obtained as a colourless liquid (68%) 
(Found: C, 45-9; H, 6-4; S, 23-0. C,H,O,S requires C, 45-4; H, 6-1; S, 24:2%). The dinitrophenyl- 
hydvazone recrystallised from ethanol in yellow needles, m. p. 127°5° (Found: C, 42-5; H, 4-2. 
C,,H,,0,N,S requires C, 42:3; H, 39%). Crotonaldehyde (21 g.) and thioacetic acid (22-5 g.) reacted 
asabove. -Acetylthio-n-butaldehyde had b. p. 91—92°/11 mm., n}#° 1-4882 (65%) (Found: C, 49-8; H, 
7-2. C,H, 0,8 requires C, 49-3; H, 6-9%). The dinitrophenylhydrazone crystallised from ethanol in 
yellow hexagonal plates, m. p. 96° (Found: C, 44-4; H, 4-4. C,,H,,0,N,S requires C, 44-2; H, 43%). 
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B-Methylcrotonaldehyde (8 g.) and thioacetic acid (8 g.) similarly gave f-acetylthio-f-methyl-n- 
butaldehyde, b. p. 110°/20 mm., nf" 1-4922 (33%). The rg oe oe crystallised from ethanol 
in yellow rhombic plates, m. p. 94° (Found: C, 45-6; H, 4-6. C,,H,,O,N,S requires C, 45-9; H, 4-7%). 

Methylthiol, generated from S-methylisothiourea sulphate (60 g.) and 5Nn-sodium hydroxide (100 c.c.) 
(Org. Synth., Coll. Vol. II, 345), was passed in a slow stream of coal gas into acraldehyde (20 g.) containing 
triethylamine (2 drops) and cooled to 0°. The mixture was distilled and the fraction, b. p. 165—175°, 
collected (32 g.; 86%). Redistillation gave B-methylthiopropaldehyde, b. p. 166°/750 mm. (Barger and 
Coyne, Biochem. J., 1928, 22, 1420, give b. p. 60°/12 mm.), nf” 1-4824 (Found : C, 46-0; H, 7-5; S, 30-3. 
Calc. for C,H,OS: C, 46-1; H, 7-8; S, 308%). The dinitrophenylhydrazone crystallised from ethanol in 
yellowish-orange needles, m. p. 122—123° (Found: C, 42-5; H, 4-4. C,9H,,0,N,S requires C, 42-2; H, 
43%). Ethylthiol (12 g.) was added dropwise with stirring to a mixture of acraldehyde (10 g.) and 
triethylamine (5 drops) cooled to 0°. Distillation of the product gave f-ethylthiopropaldehyde, b. p. 
180—190° (62%) which, on redistillation, had b. p. 185°/760 mm. (Rothstein, J ., 1940, 1560, gives b. p. 
60°/10 mm.), nie” 1-4788 (Found: C, 50-4; H, 8-2; S, 27-4. Calc. for C;5H,,OS: C, 50-8; H, 8-5; S, 
27:1%). The dinitrophenylhydrazone crystallised from 90% aqueous ethanol, in orange-red laths, m. p. 
100° (Found: C, 44-6; H, 4-6; N, 18-4. C,,H,,0,N,S requires C, 44-3; H, 4-7; N, 18-4%). 

To acraldehyde (5-6 g.; 6-7 c.c.) cooled in ice, benzylthiol (12-4 g.) was added, followed by a droplet of 
piperidine. Heat wasevolved. After 15 minutes at 0° and 1 hour at room temperature, ether was added 
and the solution washed with dilute hydrochloric acid and water, dried, evaporated, and distilled. 
B-Benzylthiopropaldehyde was obtained as a colourless oil, b. p. 158°/12 mm., n}}" 1-5650 (15 g.; 83%) 
(Found: C, 66-65; H, 6-90; S, 18-0. C,,H,,OS requires C, 66-65; H, 6-90; S, 17-8%). The 
dinitrophenylhydrazone crystallised from ethanol in yellow needles, m. p. 112-5° (Found: C, 53-5; H, 
4:7. C,,H,,0,N,S requires C, 53-3; H, 45%). Crotonaldehyde (28 g.; 32-8 c.c.) and benzylthiol (50 
c.c.) were mixed at 0°, a droplet of piperidine was added, and the mixture was kept at room temperature 
for 3 hours and heated on the steam-bath for 1 hour. The product was isolated as above. 
B-Benzylthio-n-butaldehyde (68 g.; 87%) had b. p. 156—157°/10 mm., n#”" 1-5523 (Found: C, 68-2; 
H, 7-4; S, 16-9. C,,H,,OS requires C, 68-0; H, 7:3; S, 165%). The dinitrophenylhydrazone 
crystallised from ethanol in small yellow leaflets, m. p. 69° (Found: C, 54:2; H, 4:9. C,,H,,0,N,S 
requires C, 54-5; H, 48%). 

Benzylthiol (7-5 c.c.) containing piperidine (5 drops) was added to freshly Prep 
aldehyde (5 g.) and the mixture heated on the steam-bath for 3 hours. £-Benzylthioisovaleraldehyde was 
isolated as above (7 g.; 56%), b. p. 109—110°/0-1 mm., 172°/15 mm., njf" 1-5484 (Found : C, 69-2; H, 
7-6; S, 15-9. C,,H,,OS requires C, 69-2; H, 7-7; S, 15-4%). The dinttrophenylhydrazone crystallised 
from ethanol in needles, m. p. 113° (Found: C, 55-7; H, 5-1. C,gH,,O,N,S requires C, 55-6; H, 5-2%). 

A mixture of B-benzylthiopropaldehyde (1-12 g.) and hydrogen cyanide (1 c.c.) at 0° was treated with 
a droplet of i After 0-5 hour at room temperature a small excess of ethereal hydrogen chloride 
was added and the excess of hydrogen cyanide removed under reduced pressure. After addition of 10% 
alcoholic ammonia (3 c.c.), the solution was sealed, left overnight, heated at 100° for 0-5 hour, 
concentrated under reduced pressure, taken up in ether, and filtered. Addition of ethereal hydrogen 
chloride precipitated an oil which readily crystallised (820 mg.; 55%). MRecrystallisation from 
ethanol-ether gave a-amino-y-benzylthio-n-butyronitrile hydrochloride in rosettes of hair-like needles, 
m. p. 134—135° (Found: C, 54-45; H, 6-4. C,,H,,;N,CIS requires C, 54-4; H,6-2%). B-Benzylthio-n- 
butaldehyde (10 g.), hydrogen cyanide (10 c.c.), and potassium cyanide (100 mg.) were mixed. A violent 
reaction ensued and the mixture was then treated as above with 10% alcoholic ammonia (5 c.c.) and left 
overnight. a-Amino-y-benzylthio-n-valeronitrile hydrochloride crystallised (9 g.; 68%) and after 
recrystallisation from ethanol—-ether formed slender needles, m. p. 159° (decomp.) (Found: C, 55-7; H, 
6-7; N, 11-0; S, 12-5. C,,H,,N,CIS requires C, 56-1; H, 6-7; N, 10-9; S, 12-5%). B-Benzylthioiso- 
valeraldehyde (2-9 g.) and hydrogen cyanide (1 c.c.) were treated as above. a-Amino-y-benzylthio-y- 
methyl-n-valeronitrile hydrochloride recrystallised from ethanol—ether in triangular plates, m. p. 156—157° 
(1-0 g.; 27%) (Found: C, 57-4; H, 7-3; N, 9-9. C,3H, N,CIS requires C, 57-6; H, 7-1; N, 10-35%). 

B-Benzylthio-n-butaldehyde (15 g.), potassium acetate (15 g.), hydroxylamine hydrochloride (5-5 g.), 
and ethanol (100 c.c.) were refluxed for 30 minutes, left over-night, and the oxime precipitated by adding 
water. A portion of the oily oxime (5 g.) in moist ether (150 c.c.) was reduced by refluxing with 
amalgamated aluminium (4 g.) overnight. The solution was filtered and the alumina washed with 
further ether. The filtrate was washed, dried, concentrated, and distilled. The fraction, b. p. 85—95°/0-1 
mm., was redistilled to give y-benzylthio-n-butylamine as a colourless oil (2 g.), b. p. 90—92°/0-1 mm., 
n® 1-5545 (Found: C, 67-3; H, 9-0; N, 7-2. C,,H,,NS requires C, 67-6; H, 88; N, 7-2%). The 
hydrochloride, prepared with ethereal hydrogen chloride, r tallised from ethanol-ether in rhombic 
plates, m. p. 123° (Found: C, 57-1; H, 7-9; N, 6-4. C,H, NCIS requires C, 57-0; H, 7-9; N, 6-0%). 

B-Benzylthio-B-methyl-n-butaldehyde (5 g.), potassium acetate (5 g.), hydroxylamine hydrochloride 
(2 g.), and ethanol (40 c.c.) were treated as before and the product reduced with aluminium amalgam 
(4g.). The fraction, b. p. 160—165°/15 mm., was redistilled to give y-benzylthio-y-methyl-n-butylamine as 
a colourless oil (25%), b. p. 102—104°/0-1 mm., ni” 1-5521 (Found : C, 69-0; H, 8-7; N,6-1. C,,H,,NS 
requires C, 68-8; 24 9-2; N, 6-7). The Aydrochloride recrystallised from ethanol-ether, m. p. 157° 
(Found : C, 58-7; H, 8-0; N, 5-8. C,,H,,NCIS requires C, 58-6; H, 8-2; N, 5-7%). 

B-Methylthiopropaldehyde (6-3 g.), anhydrous a cyanide (5 c.c.), and potassium cyanide 
(100 mg.) were mixed; a vigorous reaction took place. e excess of hydrogen cyanide was removed 
under reduced pressure and the residue sealed up with 10% ethanolic ammonia (40 c.c.), heated to 80° 
for two hours, and left overnight. Ethanol and ammonia were removed under reduced pressure, water 
and chloroform were added, and the basic fraction was isolated in the chloroform. After removal of the 
solvent, the residue was taken up in ethanol and ethanolic anhydrous oxalic acid was added. A white 
solid was precipitated (6-9 g.; 65%). Recrystallisation from ethanol gave a-amino-y-methylthio-n- 
butyronitrile oxalate in colourless laths, m. p. 200° (decomp.) (Found: C, 41:3; N, 6-5; N, 15-3. 
C;H,,N,S,4C,H,O, requires C, 41-1; H, 6-3; N, 16-0%). B-Ethylthiopropaldehyde (10 g.), ——— 
cyanide (10 c.c.), and potassium cyanide (ca. 100 mg.) were treated as above. a-Amino-y-ethylthio- 


ared B-methylcroton- 
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n-butyronitrile oxalate recrystallised from ethanol in colourless laths, m. p. 230° (decomp.) (3-5 g.) 
(Found : C, 42-2; H, 7-1; N, 14:5. C,H,,N,S,4C,H,O,,4H,O requires C, 42-4; H, 7-1; N, 141%). 

a-Amino-y-methylthio-n-butyronitrile, from the oxalate (2-5 g.), was refluxed with concentrated 
hydrochloric acid (10 c.c.) for 14 hours. The solution was evaporated to dryness under reduced pressure, 
basified with concentrated aqueous ammonia, and re-evaporated. The residue was dissolved in warm 
water (20 c.c.), charcoaled, and diluted with ethanol (50 c.c.). Methionine crystallised in glistening 
plates (1-1 g., 52%), and after recrystallisation from water—ethanol had m. p. 276° (decomp.) (Found : 
C, 40-3; H, 7-5; N, 9-4. Calc. for C;H,,O,.NS: C, 40:3; H, 7-4; N, 9-4%). a-Amino-y-ethylthio-n- 
butyronitrile oxalate (1 g.) was refluxed with concentrated hydrochloric acid (5 c.c.) for 2 hours and 
evaporated to dryness under reduced pressure. The residue was basified with concentrated aqueous 
ammonia, re-evaporated, dissolved in the minimum quantity of boiling water, and left to crystallise. 
Ethionine crystallised (400 mg., 46%), and recrystallised from water-ethanol in colourless plates, m. p. 
265° (decomp.) (Found: C, 44:4; H, 8-1; N, 8-9. Calc. for C,H,,0O,NS: C, 44-2; H, 8-0; N, 8-6%). 

a-Amino-y-methylthio-n-butyronitrile oxalate (1 g.) was converted into the free base and extracted 
into chloroform. The solution was concentrated and the residue refluxed in 50% ethanolic carbon 
disulphide (5 c.c.) for 2 hours. Concentration of the solution and addition of ether left a yellow solid 
(47%). Recrystallisation from acetone—-water gave 5-f-methylthioethyldithiohydantoin in sheaves of 
yellow hair-like needles, m. p. 212° (decomp.) (Found: C, 34:3; H, 4-4; N, 13-8; S, 47-8. C,H,)N.S, 
requires C, 34:9; H, 4:9; N, 13-6; S, 46-5%). The compound was soluble in aqueous sodium 
hydroxide, but the resulting solution failed to give a coloration with aqueous glyoxal. Repetition of 
the above reaction in the presence of benzaldehyde (0-5 c.c.) gave 5-benzylideneamino-2-mercapto-4-B- 
methylthioethylthiazole (95 mg.) which recrystallised from ethanol in yellow needles, m. p. 200° (decomp.) 
(Found: C, 53-2; H, 5-0; N, 9-8. (C,,;H,,N,S, requires C, 53-0; H, 4-8; N, 95%). It gave a red 
coloration on warming with alkali and glyoxal. a-Amino-y-ethylthio-n-butyronitrile, from the oxalate 
(1 g.), was refluxed with ma ethanolic carbon disulphide (5 c.c.) and treated as above. 
5-B-Ethylthioethyldithiohydantoin (40%) recrystallised from ethanol in fine yellow hairs, m. p. 196—197° 
(decomp.) (Found: C, 37-2; H, 5-2; N, 12-4. C,H,,N,S, requires C, 38-2; H, 55; N, 12-7%). 

5-B-Methylthioethyldithiohydantoin (430 mg.) was refluxed with a 1:1 mixture of acetic and 
concentrated hydrochloric acids (10 c.c.) for two hours and the solution was concentrated under reduced 
pressure. The solution was made alkaline with ammonia and again evaporated under reduced pressure, 
taken up in water (5 c.c.), filtered, and diluted with ethanol (l5c.c.). Methionine separated in glistening 
plates, m. p. 270° (decomp.) (75 mg., 25%), on standing overnight. A similar hydrolysis of 
5-benzylideneamino-2-mercapto-4-8-methylthioethylthiazole (190 mg.) gave methionine in plates, 
m. p. 271° (decomp.) (25 mg.; 25%). 

a-Amino-y-benzylthio-n-butyronitrile hydrochloride (860 mg.) and 47% aqueous hydrobromic acid 
(17-5 c.c.) were heated to 100° for 34 hours with frequent shaking, and the solution evaporated under 
reduced pressure. The residue was taken up in water, charcoaled, and neutralised with 2N-ammonia. 
A flocculent precipitate of S-benzylhomocysteine (a-amino-~y-benzylthio-n-butyric acid) was obtained 
(450 mg.; 60%), m. p. 190—191°. The m. p. was undepressed on admixture with authentic material. 
a-Amino-y-benzylthio-n-valeronitrile hydrochloride (257 mg.) and concentrated hydrochloric acid (3 
c.c.) were heated in a sealed tube at 100° for 16 hours. The product was worked up as above. 
a-Amino-y-benzylthio-n-valeric acid (110 mg.) recrystallised from 50% methanol in small plates, m. p. 
215—216° (decomp.) (Found: C, 60-0; H, 7-4; N, 5-5. C,,H,,O,NS requires C, 60-2; H, 7-15; N, 
59%). a-Amino-y-benzylthio-y-methyl-n-valeronitrile hydrochloride (3-8 g.) was added to aqueous 
sodium hydrogen carbonate, the free base was extracted into ether, the extract was dried and then 
concentrated under reduced pressure, and the residual oil was refluxed with 50% ethanol—carbon 
disulphide (20 c.c.) for 3 hours. After concentration under reduced pressure, the solid was filtered off 
and washed with a little cold ethanol. Further product was obtained by treating the mother liquors 
with ether (3-1 g.; 70%). 5-Amino-2-mercapto-4-B-benzylthioisobutylthiazole recrystallised from ethanol— 
water in pale yellow rhombic plates, m. p. 237° (Found : C, 53-9; H, 5-5; N, 9-2; S, 30-5. Cj,H,,N.S, 
requires C, 54:2; H, 58; N, 9-0; S, 310%). Addition of 50% aqueous glyoxal to a solution of the 
thiazole in 2N-sodium hydroxide gave a red coloration, and after acidification, the bisazomethine 
derivative was precipitated; it recrystallised from pyridine—water in fine red hairs, m. p. 238° [Found : 
C, 56-3; H, 5-6; N,9-0. (C,;H,,N,S,), requires C, 56-1; H, 5-4; N, 87%]. The thiazole (5 g.) was 
refluxed in 50% acetic acid—concentrated hydrochloric acid (40 c.c.) for 2 hours, the solution concentrated 
under reduced pressure, and the residue taken up in water, filtered, and neutralised with 2N-ammonia. 
a-Amino-y-benzylthio-y-methyl-n-valeric acid separated as a flocculent buff precipitate which recrystallised 
from hot water in colourless plates, m. p. 178° (2-4 g.; 59%) (Found: C, 61-2; H, 7-4; N, 56. 
C,3H,,0,NS requires C, 61-6; H, 7-6; N, 55%). The product gave a strong ninhydrin reaction. 

The preceding S-henzyl compound (2-4 g.) in liquid ammonia (40 c.c.) was stirred and reduced with 
sodium (ca. 0-6 g.) added in small pieces until a permanent blue colour was obtained. Ammonium 
chloride (2 g.) was added and the solution evaporated to dryness and evacuated on a water pump to 
remove remaining traces of ammonia. Ethereal hydrogen chloride was added, the solution was filtered, 
and the residue thoroughly extracted with ethanol. The extract was concentrated under reduced 
pressure, the residue extracted with chloroform, and the extract reconcentrated. The residual oil 
solidified under dry ether (1-4 g.; 73%). Recrystallisation from ethanol-ether gave micro-prisms of 
a-amino-y-mercapto-y-methyl-n-valeric acid, m. p. 219° (decomp.) (Found : C, 39-4; H, 6-8; N, 7-3; Cl, 
18-4; S, 16-6. C,H,,0,NCIS requires C, 36-07; H, 7-0; N, 7-0; Cl, 17-8; S,16-0%). The product gave 
a strong transient purple colour with alkaline nitroprusside, a weak red-brown ferric chloride colour after 
addition of aqueous sodium hydrogen carbonate, and a deep red-brown coloration with ninhydrin 
reagent. 

a-Amino-y-benzylthio-y-methyl-n-valeronitrile (1 g.) was refluxed with 50% acetic acid—concentrated 
hydrochloric acid (10 c.c.) for 2 hours. The solution was concentrated under reduced pressure, and the 
residue dissolved in water, filtered, and neutralised with 2N-ammonia. The crystalline solid which 
separated was a-amino-y-benzylthio-y-methyl-n-valeric acid, m. p. 175° (110 mg. or 12%). 
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a-Amino-y-mercapto-y-methyl-n-valeric acid as its hydrochloride (250 mg.), benzaldehyde (1 c.c.), 
and methanolic hydrogen chloride (2 c.c.) were heated on the steam-bath for 15 minutes, cooled, and the 
product was extracted with ether. The residual solid was dissolved in water and the solution neutralised 
with 2N-ammonia. The oil which separated crystallised on scratching and was recrystallised from 
aqueous ethanol to give needles of 4-carbomethoxy-2-phenyl-6 : 6-dimethylihiazan, m. p. 105° (Found : 
C, 63-4; H, 7-2; N, 5-3. C,,H,,O,NS requires C, 63-35; H, 7-2; N, 5°3%). 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W.7. (Received, January 23rd, 1947.] 





321. Synthetic Antimalarials. Part XXII. Some Quinolylamino- 
substituted Pyrimidine Derivatives. 


By F. H. S. Curp, W. Granam, (Miss) D. N. Ricnarpson, and F. L. Rose, 


By adapting the methods of preparation utilised for the corresponding anilino-compounds 
(see earlier papers in this series), series of 2-quinolylamino-4-dialkylaminoalkylamino- and 
4-quinolylamino-2-dialkylaminoalkylamino-6-methylpyrimidines have been prepared. Where- 
as some of the former show activity against P. gallinaceum in chicks, the latter are all devoid of 
activity. Possible explanations for these observations are discussed. 


THE preparation of derivatives of 8-chloro-3 : 4 : 2’ : 3’-pyridoacridine (I; R = H, R’ = dialkyl- 
aminoalkyl), possessing considerable antimalarial activity against P. gallinaceum in chicks, has 
recently been reported by Dobson and Kermack (J., 1946, 150). Such compounds may be 
considered as related to the mepacrine type of antimalarial (II), the 3-methoxy-group of the 
latter being replaced by the heterocyclic atom of the pyrido-ring. Reference to the structure 
(III) of the active 2-p-substituted anilino-4-dialkylaminoalkylamino-6-methylpyrimidines, 
described in Parts I and II (J., 1946, 343, 351) showed that a related modification was possible 
with respect to the substituent R giving rise to quinoline derivatives of type (IV). Further 
incentive to the preparation of such compounds was provided by the known activity of (III; 
R = NMe,, R’ = [(CH,],°NEt,) which suggested that activity might be encountered if the 
dimethylamino-group was replaced by the basic nitrogen atom of a fused heterocyclic ring. 
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6-Aminoquinoline was therefore condensed with 4-hydroxy-2-methylthio-6-methylpyrimidine 
in boiling 2-ethoxyethanol solution to give 2-(6’-quinolylamino)-4-hydroxy-6-methylpyrimidine 
(V; R= 6-quinolyl), which was converted smoothly into 4-chloro-2-(6’-quinolylamino)-6-methyl- 
pyrimidine (VI; R = 6-quinolyl) by treatment with phosphoryl chloride. Condensation of 
this chloropyrimidine with f-diethylaminoethylamine, -y-diethylaminopropylamine, y-dimethyl- 
aminopropylamine, 8-diethylaminobutylamine and 8-diethylamino-«-methylbutylamine then 
gave a series of 2-(6’-quinolylamino)-4-dialkylaminoalkylamino-6-methylpyrimidines (IV; 
R = R’ = H, R” = [CH,)],"NEt,, ([CH,],"NEt,, [CH,],"NMe,, [CH,],,NEt,, and 
CHMe:(CH,],°NEt,). 

By a similar series of reactions using 6-aminoquinaldine in place of 6-aminoquinoline in the 
initial condensation with 4-hydroxy-2-methylthio-6-methylpyrimidine there were prepared, by 
way of (V; R = 6-quinaldyl) and (VI; R = 6-quinaldyl), 2-(6’-quinaldylamino)-4-8-diethyl- 
aminoethylamino-6-methylpyrimidine (IV; R= Me, R’ =H, R” = [CH,],*NEt,) and the 
corresponding 4-y-diethylaminopropylamino-derivative (IV; R=Me, R’=H, R”= 
[(CH,]},*NEt,). 

All the above compounds showed some antimalarial activity when tested against P. 
gallinaceum in chicks (see.table of activities) and it therefore became necessary to investigate the 
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effect of variations in the quinoline residue. Thus, the introduction of a substituent into the 
8-position of the quinoline residue was indicated by the work of Hutchison and Kermack (this 
vol. p. 678) who were able to increase the activity of 8-chloro-5-y-diethylaminopropylamino- 
3:4: 2’: 3’-pyridoacridine (I; R= H, R’ = [CH,],-NEt,) by substitution in the analogous 
position to give, for example, 2: 8-dichloro- (I; R = Cl, R’ = [CH,],*NEt,) and 8-chloro- 
2-methyl-5-y-diethylaminopropylamino-3 : 4 : 2’ : 3’-pyridoacridine (I; R=Me, R’= 
[CH,],*NEt,). It also seemed desirable to investigate the effect of changing the orientation of 
the quinoline residue. The antimalarial activity of type (III) and related compounds appeared 
to be dependent on the presence of a substituent (Cl, NO,, CN, etc.) in the benzene ring in the 
p-position to the imino-linkage. This substituent may be regarded as retained in type (IV) but 
this is not the case in the analogous 5- and 8-quinolyl derivatives. Utilising synthetic methods 
analogous to that outlined above for the 6-quinolyl derivatives of type (IV) a further series of 
compounds was therefore prepared which included the following 4-8-diethylaminoethylamino-6- 
methylpyrimidines : 2-(5’-quinolylamino)- (VII), 2-(8’-quinolylamino)- (VIII; R = R’ = H) 
(dihydrochloride), 2-(8’-methoxy-6’-quinolylamino)- (IV; R=H, R’=OMe, R”= 
[CH,],*NEt,) (dihydrochloride), and 2-(6’-methoxy-8’-quinolylamino)- (VIII; R = OMe, 
R’ = H) (dihydrochloride). The last named compound was considered to be of particular 
interest since it combines the 8-amino-6-methoxyquinoline nucleus found in pamaquin with 
essential features of the pyrimidine type of antimalarial (III). 


Et,N-(CH,],NH Et,N-[CH,]NH R Et,N-[CH,],"NH 
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uf Or © ul JO) 
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All the compounds of this further series were without antimalarial activity at the maximum 
tolerated doses. This result was particularly surprising in the case of 2-(8’-methoxy-6’- 
quinolylamino)-4-8-diethylaminoethylamino-6-methylpyrimidine (IV; R= H, R’ = OMe, 
R” = [CH,],*NEt,) since this substance is a derivative of the active compound (IV; 
R = R’ = H, R” = [CH,],"NEt,). However, it may also be regarded as a 3’: 4’ : 5’-trisub- 
stituted anilinopyrimidine analogous to (III), and it is known that the introduction of one 
additional substituent into a m-position of the active 2-p-substituted anilino-4-dialkylamino- 
alkylamino-6-methylpyrimidines of type (III) produces a dystherapeutic effect (Curd, Davis, 
and Rose, J., 1946, 351) although the effect of trisubstitution has not been investigated in this 
series. The inactivity of (VIII; R = R’ = H) may be connected with the fact that it bears 
the same relationship to the active compounds of type (III) as the inactive 1 : 2 : 2’ : 3’-pyrido- 
acridines (XI; R = dialkylaminoalkyl) described by Dobson and Kermack (loc. cit.) bear to 
mepacrine : in neither case does the added heterocyclic nucleus replace the important grouping 
removed but is fused into two neighbouring positions. Further, (VIII; R= R’ = H) is 
isosteric with the inactive 2-«-naphthylamino-4-8-diethylaminoethylamino-6-methylpyrimidine 
(IX; R =H) described in Part V (J., 1946, 366). Introduction of a chlorine atom into the 
latter in the p-position to the imino-linkage to give 2-(4’-chloro-x-naphthylamino)-4-8-diethyl- 
aminoethylamino-6-methylpyrimidine (IX; R = Cl) largely restored activity, but an attempt 
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to prepare the analogous quinoline compound, 2-(5’-bromo-8’-quinolylamino)-4-8-diethylamino- 
ethylamino-6-methylpyrimidine (VIII; R = H, R’ = Br) was unsuccessful. It was found that 
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the bromine atom in 5-bromo-8-aminoquinoline was somewhat labile, and when the 
bromo-compound was heated with 4-hydroxy-2-methylthio-6-methylpyrimidine in 2-ethoxy- 
ethanol at 140°, hydrobromic acid, resulting from its decomposition, brought about hydrolysis of 
the pyrimidine intermediate to 4-methyluracil. 

This investigation has also been concerned with the preparation of 2-dialkylaminoalkylamino- 
4-(quinolylamino)-6-methylpyrimidines of types (XII) and (XIII) in which the quinolylamino- 
substituent and the dialkylaminoalkylamino-side chain have been interchanged. 4-Chloro-2-8- 
diethylaminoethylamino-6-methylpyrimidine (VI; R = [CH,],*NEt,) (Curd e¢ al., J., 1946, 373) 
was condensed with 6-aminoquinoline by heating it at 140° to give 4-(6’-quinolylamino)-2-8- 
diethylaminoethylamino-6-methylpyrimidine (XII; R = H) and with 8-aminoquinoline to give 
4-(8’-quinolylamino)-2-8-diethylaminoethylamino-6-methylpyrimidine (XIII; R=H). Re- 
actions of this type were also effected by boiling in dilute hydrochloric acid. In this way 
6-amino-8-methoxyquinoline gave 4-(8’-methoxy-6’-quinolylamino)-2-8-diethylaminoethylamino- 
6-methylpyrimidine (XII; R = OMe) and 5-bromo-8-aminoquinoline afforded 4-(5’-bromo-8’- 
quinolylamino)-2-8-diethylaminoethylamino-6-methylpyrimidine (XIII; R = Br). 

These compounds, like those of the previous series, were without antimalarial activity 
against P. gallinaceum in chicks. The contrast between the inactivity of 4-(6’-quinolylamino)-2- 
8-diethylaminoethylamino-6-methylpyrimidine (XII; R = H) and the activity of the isomeric 
2-(6’-quinolylamino)-4-8-diethylaminoethylamino-6-methylpyrimidine (IV; R= R’=H, 
R” = [CH,],*NEt,), finds an analogy in the corresponding naphthylamino-derivatives. Thus 
4-(6’-bromo-$-naphthylamino)-2-8-diethylaminoethylamino-6-methylpyrimidine and _ related 
compounds show little or no activity (Part VI, J., 1946, 370), whereas the isomeric 2-(6’-bromo-- 
naphthylamino)-4-8-diethylaminoethylamino-6-methylpyrimidine is highly active (Curd e¢ al., 
J., 1946, 366). 

TaBLeE I. 
Antimalarial Activities. 


The antimalarial tests were carried out, as in previous investigations of this series, by our colleague 
Dr. D. G. Davey using P. gallinaceum in chicks (cf. Curd, Davey, and Rose, Ann. Trop. Med. Parasit., 
1945, 39, 139; Davey, ibid., 1946, 40, 52). The results are expressed in the same way as in previous 
papers of this series. 


(a) 2-(6’-Quinolylamino)- and 2-(6’-quinaldylamino)-4-dialkylaminoalkylamino-6-methylpyrimidines. 
Substituent at 





™ — Dose 
Ref. No. 2-position. 4-position. mg./kg. Activity. 
3749 Quinolyl NH-(CH,],"NEt, 120 +4 
80 + 
3707 Quinolyl NH-[CH,],"NEt, 160 ot 
80 + 
40 — 
3835 Quinolyl NH-[CH,],"NMe, 160 + 
80 + 
3878 Quinolyl NH-(CH,],"NEt, 120 + 
3864 Quinolyl NH-CHMe:(CH,],"NEt, 120 + 
80 — 
3750 Quinaldyl NH-(CH,],"NEt, 80 + 
40 _ 
3692 Quinaldyl NH-(CH,],"NEt, 120 ++ 
80 + 
(b) 2-(Quinolylamino)-4-B-diethylaminoethylamino-6-methylpyrimidines. 
Ref. No. Substituent at 2. Dose, mg./kg. Activity. 
5186 o-Saincll 80 — 
5187 8’-Quinolyl 80 
5188 6’-Methoxy-8’-quinolyl 320 — 
240 — 
5719 ’-Methoxy-6’-quinolyl 160 —-- 
(c) 4-(Quinolylamino)-2-B-diethylaminoethylamino-6-methylpyrimidines. 
Ref. No. Substituent at 4. Dose, mg./kg. Activity. 
5398 6’-Quinolyl 160 — 
5399 8’-Quinolyl 160 —- 
5720 8’-Methoxy-6’-quinolyl 160 — 
5721 5’-Bromo-8’-quinolyl 160 —_ 


Some of the compounds were also tested for aoe action against P. gallinaceum in chicks by 
the method described by Davey (Ann. Trop. Med. Parasit., 1946, 40, 453); 5719, 5720, 5721, and 
5398 at 160 mg./kg., 5188 at 240 mg./kg., and 5187 at 80 mg./kg., but all proved to be inactive. 
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The following points may be noted in connection with the preparation of the 
requisite quinoline intermediates. 5- and 8-Nitroquinolines, prepared from quinoline in 85% 
total yield by a method using fuming nitric acid and 20% oleum in place of the 40% oleum used 
by Meigen (J. pr. Chem., 1908, 77, 472) and 65% oleum by Fieser and Hershberg (J. Amer. Chem. 
Soc., 1940, 62, 1643), were reduced to the corresponding aminoquinolines with iron dust in dilute 
acetic acid (Dikshoorn, Rec. Tvav. chim., 1929, 48, 153). 6-Nitro-8-methoxyquinoline was 
prepared by a modified Skraup reaction (cf. E.P. 394,416) using arsenic acid as oxidising agent. 
When sodium m-nitrobenzenesulphonate was used as oxidising agent the only product obtained 
was a yellow crystalline substance, presumed to be the 4-nitro-2-methoxyanil of 8-4’-nitro-2’- 
methoxyanilinopropaldehyde (Xa), or the cyclic analogue 4-(4’-nitro-2’-methoxyanilino)-6- 
nitro-8-methoxy-1 : 2 : 3: 4-tetrahydroquinoline (Xb), probable intermediates in the Skraup 
synthesis. Reduction of 6-nitro- to 6-amino-8-methoxyquinoline by means of stannous 
chloride (Fourneau et al., Ann. Inst. Pasteur, 1930, 44, 748) was not very satisfactory, and so 
attempts were made to increase the yield by reduction with iron dust and dilute acetic acid, iron 
dust and hydrochloric acid, or Raney nickel and hydrogen at 80 atmospheres and at 30 
atmospheres. The best yield (50%) was obtained using the last named conditions. 


EXPERIMENTAL. 


2-(6’-Quinolylamino)-4-hydroxy-6-methylpyrimidine (V; R = 6-quinolyl).—4-Hydroxy-2-methylthio- 
6-methylpyrimidine (33-2 g.) (Wheeler and Merriam, Amer. Chem. J., 1903, 29, 478), 6-aminoquinoline 
(72 g.), and 2-ethoxyethanol (75 c.c.) were refluxed for 48 hours with stirring. Methylthiol was evolved. 
After cooling, the product was filtered off, washed well with hot alcohol, and dried (yield, 35 g.), m. p. 
256—258°. Them. p. was unchanged by crystallisation from butanol from which the substance separated 
as colourless thick prisms (Found: C, 66-6; H, 4:7. C,,H,,ON, requires C, 66-7; H, 4-8%). 

2-(6’-Quinaldylamino)-4-hydroxy-6-methylpyrimidine (V; R = 6-quinaldyl).—Prepared in an exactly 
similar manner using 6-aminoquinaldine in place of 6-aminoquinoline, the compound separated from 
2-ethoxyethanol in clusters of small colourless needles, m. p. 284° (Found: C, 67-4; H, 5-3; N, 20-4. 
C,;H,,ON, requires C, 67-7; H, 5-3; N, 21-05%). 

4-Chloro-2-(6’-quinolylamino)-6-methylpyrimidine (VI; R = 6-quinolyl)—The corresponding 
hydroxy-compound (28 g.) and phosphoryl chloride (95 c.c.) were refluxed for 4 hours. The excess of 
phosphoryl chloride was then removed under reduced pressure and the residue treated with a small 
amount of crushed ice. The solid product was filtered off, dissolved in hot water (150 c.c.) with 
hydrochloric acid (12-5 c.c.), and the resulting solution treated with decolorising carbon and filtered. 
The filtrate was cooled and hydrochloric acid (22-5 c.c.) added. The precipitated hydrochloride was 
filtered off, drained well, and dissolved in warm water (250 c.c.). Gradual addition of ammonia to the 
cooled solution precipitated the base, which was filtered off, dried in a vacuum, and crystallised from 
alcohol. It formed colourless prisms, m. p. 183—185° (Found: N, 20-5; Cl, 12-7. C,,H,,N,Cl requires 
N, 20-7; Cl, 13-1%). 

4-Chloro-2-(6’-quinaldylamino)-6-methylpyrimidine (VI; R = 6-quinaldyl), prepared in an analogous 
manner from 2-(6’-quinaldylamino)-4-hydroxy-6-methylpyrimidine (33-25 g.) and phosphoryl chloride 
(85 c.c.), crystallised from 2-ethoxyethanol in colourless prisms, m. p. 235° (Found: N, 19-9; Cl, 12-5. 
C,,H,,N,Cl requires N, 19-85; Cl, 125%). 

5- and 8-Nitroquinoline.—The method employed was essentially that of Fieser and Hershberg (ioc. 
cit.). Quinoline sulphate, from quinoline (77-5 g.) and concentrated sulphuric acid (35 c.c.), dissolved 
in 20% oleum (210 g.), was nitrated with nitric acid (d 1-5; 105 g.) giving 5-nitroquinoline (42 g.) and 
8-nitroquinoline (45 g.). 

6-Nitro-8-methoxyquinoline.—A mixture of 2-amino-5-nitroanisole (100 g.), sulphuric acid (1000 g. of 
70%), glycerol (200 g.), and arsenic acid (333 g. of 80%) was heated to boiling during } hour and then 
refluxed for 4 hours with stirring. The temperature of the boiling mixture dropped from 138° to 133° 
during the course of the reaction. After cooling, the reaction mixture was drowned into water (3 1.), and 
the solution stirred with decolorising carbon and filtered. Addition of sodium hydroxide solution to the 
filtrate precipitated 6-nitro-8-methoxyquinoline which was filtered off, washed with water, and 
crystallised from alcohol, m. p. 149—150° (yield, 82-5 g.). By recrystallisation from acetone the m. p. 
was raised to 152—153°. Fourneau et al. (loc. cit.) give m. p. 149°. In an experiment using sodium 
m-nitrobenzenesulphonate as oxidising agent the only material isolated was a substance crystallising 
from alcohol in yellow needles, >. 126—127°. This was presumed to be (Xa) or (Xb) (Found: C, 
54:5; H, 4:2; N, 15-0. C,,H,,O,N, requires C, 54-5; H, 4:8; N, 15-0%). 

6-A mino-8-methoxyquinoline.—6-Nitro-8-methoxyquinoline (12 g.) dissolved in alcohol (600 c.c.) was 
hydrogenated in presence of Raney nickel (8 c.c. of sludge) in the cold at 30 atmospheres. After removal 
of the catalyst and on slight concentration of the alcohol solution a yellow solid separated which 
crystallised from alcohol—chloroform in yellow needles, m. p. ca. 350° (Found: C, 68-7; H, 4:3; N, 
16-5%). Evaporation of the alcohol solution to dryness gave a dark red gummy solid from which, after 
several crystallisations from ethyl acetate, there was obtained 6-amino-8-methoxyquinoline (yield, 4-6 g.) 
as yellow lamine, m. p. 167—169°. Fourneau et al. (loc. cit.) give m. p. 168°. 

2-(8’-Quinolylamino)-4-hydroxy-6-methylpyrimidine (V; R = 8-quinolyl).—8-Aminoquinoline (34 g.), 
4-hydroxy-2-methylthio-6-methylpyrimidine (34 g.), and 2-ethoxyethanol (40 c.c.) were heated 
together in an oil-bath at 135—145° for 70 hours. The mixture was then extracted several times with 
boiling alcohol leaving undissolved 2-(8’-quinolylamino)-4-hydroxy-6-methylpyrimidine (yield, 32-8 g.), 
m. p. 263—265°, unchanged after recrystallisation from 2-ethoxyethanol from which it separated in 
colourless prisms (Found : C, 66-5; H, 4-8. C,,H,,ON, requires C, 66-7; H, 4-8%). 
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2-(5’-Quinolylamino)-4-hydroxy-6-methylpyrimidine (V; R = 5-quinolyl).—Prepared in the same way 
from 5-aminoquinoline (10 g.) and 4-hydroxy-2-methylthio-6-methylpyrimidine (10 g.) in 2-ethoxyethanol 
(11-4 c.c.), this substance formed a fine white powder (yield, 8-1 g.), m. p. 286—290°, which could not be 
crys . 
2-(6’-Methoxy-8’-quinolylamino)-4-hydroxy-6-methylpyrimidine (V; R = 6-methoxy-8-quinoly]l), 
similarly obtained from 8-amino-6-methoxyquinoline (19 g.) and 4-hydroxy-2-methylthio-6-methy]l- 
pyrimidine (15 g.) in 2-ethoxyethanol (25 c.c.), on crystallisation from 2-ethoxyethanol formed colourless 
needles 5-00 it g.), m. p. 245—246° (Found: C, 64-2, 64:2; H, 45, 4-7. C,,H,,0,N, requires C, 
63°85; H, 5-0%). 

2-(8’-Methoxy-6’-quinolylamino)-4-hydroxy-6-methylpyrimidine (V; R = 8-methoxy-6-quinolyl) was 
obtained in the same manner from 6-amino-8-méthoxyquinoline (7-9 g.) and 4-hydroxy-2-methylthio-6- 
methylpyrimidine (6-8 g.) by reaction in 2-ethoxyethanol (9 c.c.). It formed a _ tan-coloured 
microcrystalline powder (yield, 5 g.), m. p. 231—235°, from alcohol (Found: C, 62-7; H, 4:7; N, 18-2. 
C,5;H,O.N,, 0-5C,H,-OH requires Cc, 62-95; H, 5-6; N, 18-35%). 

4-Chloro-2-(8’-quinolylamino)-6-methylpyrimidine (VI; R = 8-quinolyl).—2-(8’-Quinolylamino)-4- 
hydroxy-6-methylpyrimidine (5 g.) and freshly distilled phosphoryl chloride (25 c.c.) were heated by 
means of an oil-bath for 4 hours at 125°. Excess of phosphoryl chloride was removed under diminished 
pressure and the residue treated with ice and dissolved in hydrochloric acid. The acid solution was 
filtered, carefully neutralised with ammonia, and the product filtered off, washed with water, and dried 
navacuum. It was then extracted thrice with boiling alcohol (200 c.c.) and filtered from insoluble 
material (1-5 g.). Concentration of the alcohol solution gave the chloropyrimidine which after 
recrystallisation from alcohol formed colourless prisms (yield, 3-4 g.), m. p. 146—148° (Found: C, 62-2; 
H, 4:3. C,,H,,N,Cl requires C, 62-1; H, 41%). 

4-Chloro-2-(5’-quinolylamino)-6-methylpyrimidine (VI; R = 5-quinolyl)—The corresponding 
hydroxypyrimidine (11-5 g.) and freshly distilled phosphoryl chloride (45 c.c.) were heated at 120° in an 
oil-bath for 4 hours. After removal of the excess of phosphoryl chloride under reduced pressure at 100° 
the residue was treated with ice and dissolved in hydrochloric acid. After filtration, the solution was 
rendered alkaline with ammonia and the precipitated product filtered off, washed with water and dried 
in a vacuum. It crystallised from alcohol as colourless prisms (yield, 9-6 g.), m. p. 198—200° (Found : 
C, 62-5; H, 4:2. C,,H,,N,Cl requires C, 62-1; H, 41%). 

4-Chloro-2-(6’ - methoxy - 8’ -quinolylamino) -6-methylpyrimidine (VI; R = 6-methoxy-8-quinolyl), 
similarly obtained from 2-(6’-methoxy-8’-quinolylamino)-4-hydroxy-6-methylpyrimidine (9-7 g.) and 
phosphoryl chloride (39 c.c.), formed _ yellow prisms from alcohol (yield, 8-7 g.), m. p. 139—141° 
(Found : C, 59-7; H,4:2. C,,H,,ON,Cl requires C, 59-9; H, 4-3%). 

4-Chloro-2- (8’- methoxy - 6’ -quinolylamino) -6-methylpyrimidine (VI; R = 8-methoxy-6-quinoly]l), 
prepared in the same way from the appropriate hydroxypyrimidine (5-2 g.) and phosphoryl chloride (21 
c.c.), crystallised from benzene as pale yellow prismatic needles (yield, 5 g.), m. p. 213—215° (Found: C, 
59-6; H, 4-1 4 N, 18-7. C,,;H,,ON,Cl requires Cc, 59-9 > H, 4-3; N, 18-6%). 

Preparation of 2-Quinolylamino-4-dialkylaminoalkylamino-6-methylpyrimidines.—The 4-chloro-2- 
quinolylamino-6-methylpyrimidine (0-25 g.-mol.) and dialkylaminoalkylamine (0-25 x 1-15—2 g.-mol.)} 
were heated at 125—135° (oil-bath) for 8 hours with stirring. After cooling, the resulting melt was 
dissolved in warm dilute hydrochloric acid, and the cooled solution basified with sodium hydroxide and 
extracted with chloroform. The chloroform extract was washed with water and shaken out several 
times with 5% acetic acid. The combined acid extracts were made alkaline with sodium hydroxide and 
the liberated base was taken into chloroform. After drying (K,CO,) and evaporation of the chloroform 
an oily base remained. This usually solidified on standing, or on trituration with warm light petroleum 
(b. p. 60—80°) and was then crystallised from light petroleum (b. p. 100—120°). Where the base could 
not be crystallised, it was converted into the dihydrochloride by dissolving it in 2N-hydrochloric acid and 
evaporation under reduced pressure at as low temperature as possible. The residue was dried and freed 
from adhering acid by repeated evaporation to dryness with alcohol—benzene and then purified by 
crystallisation. Table II details and gives a description of the compounds prepared. 

5-Bromo-8-aminoquinoline.—8-Aminoquinoline was converted into its acetyl derivative and 
brominated in acetic acid. Contrary to the report of Claus and Setzer (J. pr. Chem., 1896, 58, 404) it 
was found that the hydrobromide of 5-bromo-8-acetamidoquinoline was dissociated in water. The 
acetyl derivative was hydrolysed to 5-bromo-8-aminoquinoline, the hydrochloride of which was likewise 
dissociated in water. After two crystallisations from alcohol, 5-bromo-8-aminoquinoline formed fine 
yellow needles, m. p. 109—110° (Found: C, 48-4; H, 3-5. Calc. for CJH,N,Br: C, 48-4; H, 3-15%). 
Claus and Setzer (Joc. cit.) give m. p. 104°. 

Attempted Condensation of 5-Bromo-8-aminoquinoline and 4-Hydroxy-2-methylthio-6-methylpyrimidine. 
—tThe pyrimidine (9-6 g.), 5-bromo-8-aminoquinoline (15 g.), and 2-ethoxyethanol (11 c.c.) were heated 
in an oil-bath at 135—145° for 72 hours. From the dark red mixture the only products isolated were : 
(a) 4-methyluracil (5 g.), m. p. 312° (efferv.), identified by conversion into 5-bromo-4-methyluracil, 
m. p. 230° (Behrend, Annalen, 1885, 229, 8), and (b) a water-soluble dark red gum (13 g.) which gave a 
positive test for ionised bromine. Ionised bromine was detected after 5-bromo-8-aminoquinoline had 
been heated with 2-ethoxyethanol at 140° for 8 hours, but the bromine in the acetyl derivative showed no 
such lability when heated with B-diethylaminoethylamine at this temperature. 

4-(8’-Quinolylamino)-2-B-diethylaminoethylamino-6-methylpyrimidine (XIII; R = H).—4-Chloro-2- 
B-diethylaminoethylamino-6-methylpyrimidine (7-2 g.) (Curd et ai., d; ., 1946, 373) and 8-aminoquinoline 
(5-4 g. 1-25 mol.) were heated in an oil-bath for 8 hours at 140°. The mixture was dissolved in dilute 
hydrochloric acid, the solution basified with sodium hydroxide, and extracted with chloroform. The 
chloroform extract was washed with water and then extracted several times with 5% acetic acid. The 
total acid extract was made alkaline with sodium hydroxide and the precipitated oil extracted with 
chloroform. The extract, after being washed and dried, was evaporated to dryness, giving the base as a 
red oil (7 g.) which could not be crystallised. This was dissolved in dilute hydrochloric acid and the 
solution evaporated to dryness under reduced pressure followed by repeated evaporation with alcohol— 
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benzene. The remaining dihydrochloride crystallised from alcohol as colourless needles, m. p. 249—251° 
(Found : - 54-0, 54:2; H, 6-9, 6-9; N, 19-5, 19-4. C,9H,,N,,2HCI,H,O requires C, 54-4; H, 6-8; 
N, 191%). 

4-(6’-Quinolylamino)-2-B-diethylaminoethylamino-6-methylpyrimidine (XII; R =H), obtained in a 
similar manner from 4-chloro-2-B-diethylaminoethylamino-6-methylpyrimidine and 6-aminoquinoline, 
crystallised from benzene-cyclohexane in pale tan-coloured prisms, m. p. 160° (Found: C, 68-8, 68-7; 
H, 7-3, 7-5; N, 23-8. C,9H,,N, requires C, 68-6; H, 7-4; N, 240%). The corresponding trihydro- 
chloride crystallised from alcohol, forming yellow needles, m. p. 258—261° (Found: C, 47-2; H, 6-8; N, 
16-6. Cy9.H,.N,,3HCI,2-5H,O requires C, 47-6; H, 6-7; N, 16-65%). 

4-(8’-Methoxy-6’-quinolylamino)-2-B-diethylaminoethylamino-6-methylpyrimidine (XII; R = OMe).— 
4-Chloro-2-B-diethylaminoethylamino-6-methylpyrimidine (2-8 g., 1 mol.), 6-amino-8-methoxyquinoline 
(2 g., 1 mol.), concentrated hydrochloric acid (1-27 c.c., 1-1 mol.), and water (12-7 c.c.) were refluxed for 2 
hours. The clear solution, when cold, was made alkaline with sodium hydroxide and worked up as 
described above for this type of compound, giving 4-(8’-methoxy-6’-quinolylamino)-2-B-diethylaminoethyl- 
amino-6-methylpyrimidine (yield, 3-7 g.) which formed pale yellow needles from aqueous methanol, 
m. p. 201—203° (Found : C, 66-3; H, 7-2; N, 22-2. C,,H,,ON, requires C, 66-3; H, 7-3; N, 22-1%). 
The trihydrochloride, prepared in the usual manner, crystallised from alcohol in slightly yellow 
rs 1%). m. p. 222—224° (Found: C, 47-4; H, 6-7. C,,H,,ON,,3HCI1,2-5H,O requires C, 
47:15; H, 6-7%). 

4-(5’-Bromo-8’-quinolylamino)-2-B-diethylaminoethylamino-6-methylpyrimidine (XIII; R =Br).— 
4-Chloro-2-8-diethylaminoethylamino-6-methylpyrimidine (2-9 g.), 5-bromo-8-aminoquinoline (2-67 g.), 
10Nn-hydrochloric acid (1-32 c.c.), and water (13-2 c.c.) were boiled. Initially the mixed solids melted, 
and as the oil dissolved a solid began to separate. The mixture was refluxed for 2 hours and then left 
overnight. The 4-(5’-bromo-8’-quinolylamino)-2-B-diethylaminoethylamino-6-methylpyrimidine dihydro- 
chloride which separated was collected, dried, and crystallised from alcohol-ethyl acetate forming 
colourless needles (yield, 4-6 g.), m. p. 268—270° (Found: C, 47-6; H, 5-3; N, 16-5; Cl, 13-0. 
C,,H,,N,Br,2HCl requires C, 47-8; H, 5-4; N, 16-6; Cl, 14:1%). The free base was obtained by working 
up the hydrochloric acid mother liquor in the usual manner and also by treatment of the dihydrochloride 
with sodium hydroxide. It crystallised from light petroleum (b. p. 80—100°) as pale yellow rhombs, 
m. p. 133—134° (Found: C, 55-6; H, 5-7. C, )H,;N,Br requires C, 55-9; H, 5-8%). 


This research was carried out under a wartime collaborative agreement between the Medical Research 
Council and Imperial Chemical Industries Ltd. The authors desire to express their thanks to Professor 
J. W. Cook, F.R.S., and Dr. T. S. Stevens for their interest in the work. One of us (W. G.) gratefully 
acknowledges the receipt of a grant from the Medical Research Council. 
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322. Reactions of Benzthiazole Derivatives. Part V. Observations on 
the Formation of 2-Acetonylbenzthiazole.* 


By M. A. THOROLD RoGers and W. A. SEXTON. 


2 : 2’-Diaminodipheny] disulphide condenses with ethyl acetoacetate to give 3-keto-2-acetyl- 
2 : 3-dihydrobenzthiazine (IV) and 2-acetonylbenzthiazole (V) (with its derived 2-methyl- 
benzthiazole) in approximately equimolecular proportion. Zinc and acetic acid convert (IV) 
into (V) and sodium hydroxide hydrolyses it to 3-keto-2 : 3-dihydrobenzthiazine (VI). A 
similar series is derived from ethyl benzoylacetate. Mechanisms are suggested. 


Tue formation of 2-acetonylbenziminazole by condensation of o-phenylenediamine with ethyl 
acetoacetate or by reduction of acetoacet-o-nitroanilide has been demonstrated by one of us 
(Sexton, J., 1942, 303) and its ability to couple with diazonium salts prompted us to investigate 
the analogous benzthiazole derivative (V). 

2 : 2’-Dinitrodipheny] disulphide was reduced by iron in alcohol to the diamine, this method 
giving, in contrast to those hitherto recorded, satisfactory yields of pure material with little 
trouble. Condensation with ethyl acetoacetate in chlorobenzene gave three products, 2- 
acetonylbenzthiazole (V) (26°7%), 2-methylbenzthiazole (VII) (21°6%), and 3-keto-2-acetyl- 


* The numbering of the benzthiazole system (A) here follows what is now the usual practice. In 
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earlier papers of this series (J., 1939, 470, 473; 1942, 304; 1944, 11) the Richter numbering (B) was 
used,— EDITOR. 
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2 : 3-dihydrobenzthiazine (IV) (43%), together with water. The structure of the new compounds 
was established as follows. 

The substance (IV), which crystallised from the chlorobenzene on cooling, and which 
a priori might be expected to be the bis- N-acetoacety] derivative (I) of diaminodiphenyl disulphide, 
was shown to have a molecular weight of half that required for this structure. Since the 
possibility of dissociation of (IV) during the molecular-weight determination could not be 
excluded, and since analysis fails to differentiate between the thiazine and the disulphide 
structures, (IV) and (I), respectively, a chemical method was sought and found in the action 
of n-sodium hydroxide; for on dissolving in this reagent and being warmed, the whole material 
was rapidly converted into 3-keto-2 : 3-dihydrobenzthiazine (VI) and acetic acid, the latter 
being determined by titration. This is easily explained on the basis of the thiazine formula 
(IV) as hydrolysis, whereas the disulphide structure could give only half the amount of each 
of these (unless atmospheric oxygen was absorbed, and this was excluded by showing that the 
reaction is not affected by the absence of air, or by the presence of reducing agents); for the 
hydrolytic fission of disulphides leads to the formation of equimolecular quantities of thiols 
and sulphenic acids (see Gilman, ‘‘ Organic Chemistry ’’, 1942, 2nd Ed., Vol. II, p. 863) and 
only the sulphenic acid moiety is able to give 3-keto-2 : 3-dihydrobenzthiazine and acetic acid, 
Other properties of the substance (carbonyl activity, coupling of freshly prepared alkaline 
solutions with diazonium salts) are as readily understood on the basis of the formula (IV) as 
on the basis of the disulphide structure (I). 
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The structure of the other new product of the condensation, (V), presented little difficulty. 
It was soluble in both acids and alkalis, and the alkaline solution coupled with diazonium 
solutions; it showed carbonyl activity (2: 4-dinitrophenylhydrazone) and gave an isonitroso- 
derivative; and its alkaline solution decomposed rapidly on heating to give 2-methyl- 
benzthiazole. Finally, it was made in good yield from (IV) by reduction with zinc dust and 
acetic acid, which might be expected if (IV) is considered as a cyclic derivative of aceto- 
acetanilide; the thiol (III) is a probable intermediate. 

It is not difficult to postulate a reasonable mechanism for the formation of the three products 
of the acetoacetic ester condensation. It may be supposed that the bisacetoacetyl derivative 
(I) of the diamine is the first product, and that this is hydrolysed by traces of water, which may 
be present initially in the reagents, or may be formed by a Schiff’s base type of side reaction. 
Such a neutral hydrolysis of the disulphide link is not usually considered to take place, but 
Schéberl and Eck (Annalen, 1936, 522, 97) have shown that it is probable that the reaction 
—-S-S- ==> -SH + ~—S°OH is reversible, with equilibrium much on the side of the disulphide; 
provided that irreversibility is ensured, in their case by loss of hydrogen sulphide, the hydrolysis 
can go to completion. We picture the thiol (III) as being removed as soon as it is formed by 
ring closure to (V), while the sulphenic acid (II) is likewise converted into (IV). The water 
which is formed in each of these processes is available for further hydrolysis of the disulphide 
link, and the reaction becomes autocatalytic. Some of the thiazole (V) is hydrolysed during 
the reaction or during the subsequent steam distillation to methylbenzthiazole, so the combined 
yields of this and of (V) approach the theoretical of 50%, as does that of (IV). 

Similar results were obtained in a brief investigation of the analogous series from ethyl 
benzoylacetate; 3-keto-2-benzoyl-2 : 3-dihydrobenzthiazine and 2-phenacylbenzthiazole were 
made in this way. 


EXPERIMENTAL. 


2: 2’-Diaminodiphenyl Disulphide.—2 : 2’-Dinitrodiphenyl disulphide (100 g.; the sulphide made 
as described in Org. Synth., Coll. Vol. I, p. 215, is satisfactory, provided that all inorganic sulphur be 
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removed by thorough washing with water) was added to a mixture of boiling alcohol (95%; 21.) and 
iron filings (200 g.), to which had been added concentrated hydrochloric acid (10 c.c.) 30 mins. previously. 
The mixture was heated under reflux for 16 hours in a water-bath in an apparatus fitted with efficient 
mechanical stirring, and was then filtered hot through a kieselguhr bed and concentrated to 600 c.c. 
On cooling, the diamine (60 g.; 76%) separated as yellow plates, m. p. 90—92°. One recrystallisation 
from alcohol (charcoal) gave material of better colour, m. p. 93—93-5°. 

3-Keto-2-acetyl-2 : 3-dihydrobenzthiazine (IV).—The foregoing diamine (12-4 g.), dissolved in warm 
chlorobenzene (50 c.c.), was added during } hr. to a boiling solution of ethyl acetoacetate (14-5 c.c.) 
in chlorobenzene (75 c.c.). The clear yellow liquid was distilled until wet chlorobenzene (80 c.c.) had 
been collected. To the residue was added further chlorobenzene (50 c.c.), and the same amount was 
distilled over. The process was repeated, no more water then appearing in the distillate. The residue 
was kept overnight, and the pale yellow prisms were collected and washed with light petroleum (b. p. 
40—60°) (8-9 g., 43%) ; recrystallisation (charcoal) from alcohol or toluene gave large, colourless prisms, 
m. p. 164—164-5° (Found: C, 57-9; H, 4:35; N, 6-75; S, 16-1; M, Rast, 189. C,,H,O,NS requires 
C, 57-95; H, 435; N, 6-75; S, 155%; M, 207). 2: 4-Dinitrophenylhydrazone, mustard-yellow 
micro-needles from toluene, m. p. 242—243° (decomp.) (Found: C, 49-9; H, 3-8. C,,H,,0,N,S 
requires C, 49-6; H, 34%). 

2-Acetonylbenzthiazole (V).—(a) From the ethyl acetoacetate condensation. The filtrates from the 
foregoing experiment were subjected to steam distillation; after the chlorobenzene had distilled, the 
subsequent cloudy distillate had a smell like that of pyridine; about 600 c.c. of this were collected. The 
yellow oil remaining from the steam-distillation solidified on standing. After one crystallisation from 
alcohol it gave yellow plates (1-55 g.), m. e: 113—115°. Recrystallisation from alcohol gave colourless 
plates, m. p. 122° (Found: N, 7:55. oH,ONS requires N, 7-35%). The distillate was acidified 
(hydrochloric acid), whereupon the oily material passed into solution, leaving a little solid which was 
removed by filtration and identified as 2-acetonylbenzthiazole (0-2 g.; total yield 26-7%). The filtrate 
was basified to Clayton-yellow with sodium hydroxide, and extracted with ether, and the ether removed 
by distillation, leaving 2-methylbenzthiazole (1-8 g.; 21-6%), identified as its picrate, m. p. 153—155° 
(lit. m. p. 152—153°). 

(b) From 3-keto-2-acetyl-2 : 3-dihydrobenzthiazine (IV). To the thiazine (5-2 g.) in boiling acetic 
acid (150 c.c.) was added zinc dust (8 g.) during 10 mins. After refluxing for a further } hour, the solution 
was filtered and cooled, and water was added, precipitating 2-acetonylbenzthiazole (II) as colourless 
plates (4-2 g., 87-5%), m. p. 122°. ' 

It decolourised bromine in carbon tetrachloride solution; its solutions in cold 2N-sodium hydroxide 
gave yellow azo-compounds with diazonium solutions; on boiling the alkaline solution, an oil, with a 
pyridine-like smell, separated after a few minutes, and was extracted with ether, dried over sodium 
hydroxide, and the ether removed. Addition of alcoholic picric acid to an alcoholic solution of the 
residue gave the picrate of 2-methylbenzthiazole, m. p. 153—155°. 2-Acetonylbenzthiazole was soluble 
in hot 2n-hydrochloric acid; on cooling, the hydrochloride separated as colourless needles, m. p. 200° 
(from 2n-hydrochloric acid or from alcohol). Treatment of a suspension of the hydrochloride in dilute 
hydrochloric acid with sodium nitrite solution until a permanent starch-iodine reaction was obtained 
gave pale yellow isonitroso-2-acetonylbenzthiazole, long yellow needles, m. p. 152—152-5° (from alcohol) 
(Found : C, 54:7; H, 3-6. C,H,O,N,S requires C, 54-55; H, 36%) 

Action of Alkali on 3-Keto-2-acetyl-2 : 3-dihydrobenzthiazine (IV).—The thiazine (2-08 g.) was dis- 
solved in boiling N-sodium hydroxide (20 c.c.). After about 3 mins. there separated long needles of 
3-keto-2 : 3-dihydrobenzthiazine (VI); after a further } hour at 100°, the suspension was cooled and 
n-hydrochloric acid (30 c.c.) was added; the solution was filtered through a weighed 1G3 sintered-glass 
Gooch funnel. The ketodihydrothiazine (VI) was washed with water, dried at 100°, and weighed; 
1-66 g. (100%); m. p. 179° (not depressed by mixture with an authentic specimen) (Found: N, 8-4; 
S, 19-4. Calc. for CSH,ONS: N, 8-5; S, 194%). The yield was not lowered by conducting the 
reaction in an atmosphere of nitrogen or by the presence of sodium sulphide in the alkaline solution. 

A further portion of the thiazine (2-08 g.) was treated with 0-975N-sodium hydroxide (20 c.c.) in 
the same way; the cooled alkaline suspension was filtered, and the residue washed well with water. 
Titration of the filtrate, using phenolphthalein, with hydrochloric acid (10 c.c. of 0°929N) shows, by 
difference, a weak acid content of 1-02 mols. per mol. of thiazine. Similar results were obtained when 
the hydrolysis was conducted in an atmosphere of nitrogen. 

(IV) (2-0 g.) was recovered unchanged (1-5 g.) when its solution in alcohol (20 c.c.) was heated under 
reflux with 2n-hydrochloric acid (5 c.c.) for 6 hours. 

3-Keto-2-benzoyl-2 : 3-dihydrobenzthiazine.—This was made from ethyl benzoylacetate (42-4 g.) 
and diaminodiphenyl disulphide (24-8 g.) in chlorobenzene (250 c.c.) as described for (IV); it formed large 
lemon-yellow prisms, m. p. 188° (Found: C, 66°55; H, 4:0; N, 5-05; M, Rast, 242. C,,H,,0,NS 
requires C, 66-9; H, 4-1; N, 52%; M, 269). It formed yellow solutions in hot n-sodium hydroxide 
which faded on boiling with quantitative formation of the thiazine (VI); acidification of the filtrate 
gave benzoic acid (m. p. and mixed m. p.). 2-Phenacylbenzthiazole, made by zinc dust reduction of the 
foregoing compound in acetic acid, formed needles from benzene, m. p. 150° (Found : N, 5-6. C,;H,,ONS 
requires N, 5°55%). 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, 
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323. The Polysaccharides of Carragheen. Part II. The 
Gigartina stellata Polysaccharide. 


By Eric T. Dewar and E. G. V. PERCIVAL. 


The water-soluble polysaccharide of Gigartina stellata is shown to resemble the Chondrus 
crispus polysaccharides. Crystalline 2: 6-dimethyl B-d-galactose has been isolated by the 
hydrolysis of the methylated polysaccharide. 


ALTHOUGH some authorities (‘‘ British Pharmaceutical Codex’’, London, 1934, p. 320; 
‘‘ Thorpe’s Dictionary of Applied Chemistry ’’, Longmans, 4th. Edn. 1937, p. 199) appear to 
reserve the term carragheen for the red alga Chondrus crispus, and it was used in this sense in 
Part I (J., 1943, 51), others, for example Tseng (Science, 1945, 101, 2633) and Newton 
(Endeavour, 1945, IV, 14, 69) also include Gigartina stellata, Batt. in this description on account 
of the close morphological resemblances between the two alge. It is not surprising therefore 
that the polysaccharides extracted by hot water from these two red seaweeds prove, as the 
present investigation shows, to be of the same type. 

The polysaccharide obtained by the extraction of Gigartina stellata with hot water mainly 
as the calcium salt, but containing in addition magnesium, sodium, and potassium, gave 
d-galactose (40%) on hydrolysis, and had [«]}*" + 51° in water (SO,, 23°9%); the hot extract 
from Chondrus crispus had [a]i® + 63° (SO,, 23°8; galactose 36°9%) (J., 1943, 51). In its 
stability to sodium hydroxide (N) at 100° the polysaccharide also resembled the Chondrus 
extracts, three days being necessary to remove 62% of the sulphate residues. The free acid 
polysaccharide was isolated ([a]}?” + 43°; SO,, 25-99%; neutralisation equivalent, 371) and 
potentiometric titration showed it to be a typically strong acid. Acetylation was accomplished 
by a modification of the method of Pacsu and Mullen (J. Amer. Chem. Soc., 1941, 63, 1487), 
deacetylation and methylation of the acetate (CH,°CO, 19°1%) giving a partially methylated 
polysaccharide (OMe, 16°2%) from which after repeated methylation with sodium hydroxide and 
methyl sulphate a product, [«]}” + 43° (OMe, 18°6; Ca, 3°8; Mg, 0°9; SO,, 24°7%), was 
obtained, the retention of the ethereal sulphate emphasising the stability of that grouping to 
alkali. 

Hydrolysis of the methylated polysaccharide gave a crystalline dimethyl galactose which 
was identified as 2: 6-dimethyl galactose as follows. Oxidation gave a crystalline dimethyl 
galactonic acid which on distillation yielded a lactone, proved to be a y-lactone because of its 
slow hydrolysis in water. A free hydroxyl group was therefore present on C,, and this fact was 
confirmed by the inversion of the sign of rotation of the free sugar on methylgalactofuranoside 
formation. The amide prepared from the lactone gave a negative Weerman test, proving 
substitution by methoxyl on C,, a fact confirmed on osazone formation since 6-methyl 
galactosazone (Oldham and Bell, J. Amer. Chem. Soc., 1938, 60, 324) was obtained. Proof of 
the substitution of the primary alcohol residue by methoxyl was afforded by the fact that no 
iodine entered the molecule when the ditosyl dimethyl methylgalactoside was treated with 
sodium iodide in acetone (Oldham and Rutherford, ibid., 1932, 54, 366). The isolation of a 
crystalline dimethyl monoacetone $-methylgalactopyranoside also proved the presence of free 
hydroxyl groups on C, and C,. 

The only fact at variance with the proposed assignment of structure was that, although the 
specific rotations were almost identical, the melting point of 131° for 2 : 6-dimethyl galactose 
recorded by Oldham and Bell (Joc. cit.) was much higher than the value (119—120°) we obtained 
for our crystalline dimethyl galactose. The facts were re-examined by Dr. D. J. Bell (J., 1945, 
692) who repeated and extended the earlier work, and mixed melting point determinations of our 
dimethyl galactonic acid phenylhydrazide with the corresponding derivative prepared from 
2 : 6-dimethyl galactose, the structure of which had been proved unequivocally both by the 
synthetic route employed and by periodate oxidation, showed no depression. Furthermore 
satisfactory agreement was obtained in respect of the melting points of the dimethyl 
6-methylgalactoside and the corresponding 3 : 4-monoacetone derivative. It may be recalled 
that evidence was presented (Part I, Joc. cit.) that the syrupy dimethyl galactose produced on 
hydrolysing the methylated Chondrus crispus polysaccharides was also 2 : 6-dimethy] galactose. 
In these polysaccharide sulphates, therefore, the exposed hydroxyl groups on the galactose 
residues are on C, and C,. If we assume that the sulphate groups are directly attached to the 
galactose residues four possible formule must be considered (see opposite page). 

- It has been shown recently (Percival and Duff, Nature, 1946, 158, 29) that barium 3-methyl 
1: 2-monoacetone glucofuranose 6-sulphate is readily transformed into the corresponding 
5 : 6-anhydride by sodium methoxide. It is highly probable therefore that the sulphate groups 
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in (B), (C), and (D) would be readily eliminated by alkali, with formation of ethylene oxide rings 
in the first instance. In addition (B) would also form a 3: 6-anhydride by analogy with the 
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methylglucofuranoside 3-sulphates (J., 1945, 119). The most likely arrangement is therefore 
(A) in which the galactopyranose residues are linked through the 1 and 3 positions as in agar, 
and it may be that this type of linkage is typical of the galactans of the red seaweeds. The 
above arguments, based on the resistance to hydrolysis with alkali of the sulphate groups, apply 
only if these residues are directly attached to the galactose units. It is conceivable, however, 
that the sulphate groups are attached to those building units (X) of the molecule which have not, 
as yet, been identified, with these units (X) interposing between the sulphate groups and the 
triply linked galactose residues. This point could be decided by removing the sulphate groups 
and following this by methylation, but attempts to remove the sulphate residues have been 
unsuccessful so far and it seems that a final decision must await the identification of (X). 

The substance, or mixture of substances, (X) is clearly not a simple hexose since the methoxyl 
content of the methylated polysaccharide is only slightly higher than would be required for the 
dimethyl galactose residues found, and it will be surprising if it contains more than one free 
hydroxyl group. That (X) might be an anhydro- or a deoxy-sugar has not been lost sight of, 
but the decomposition it undergoes under acid hydrolytic conditions has prevented progress so 
far. The hydrolysis of the methylated polysaccharide with mcthanolic hydrogen chloride was 
unexpectedly difficult, and only derivatives of methylated galactose could be identified among 
the products of hydrolysis. In the case of the Chondrus crispus polysaccharide, Young and 
Rice (J. Biol. Chem., 1946, 164, 35) have isolated diacetone 2-ketogluconic acid in small yield on 
hydrolysis and treatment with acetone and copper sulphate, but we have not yet succeeded in 
isolating this material from either the Chondrus or the Gigartina polysaccharides. 


EXPERIMENTAL. 


Preparation of the Polysaccharide.—The air-dried seaweed, kindly supplied by Dr. A. P. Orr of the 
Marine Station, Millport, was washed in muslin bags in 500 g. lots with running water for 10 days. 
Repeated extraction with water on the steam-bath followed until the extracts were no longer appreciably 
viscous. The combined extracts were filtered hot and concentrated at 50°/15 mm. to small volume, and 
the brown viscous solution was added slowly, with mechanical stirring, to ethanol. The white fibrous 
material was dehydrated with fresh ethanol, washed with ether, and dried in a vacuum desiccator. For 
all quantitative work the substance was purified by dialysis against running water for six days, filtered, 
concentrated, reprecipitated, and dried over phosphoric oxide at 50°/15 mm. to constant weight. The 
product was neutral, non-reducing and had [a]}” + 51° (c, 0-5 in water) [Found: Ash (as sulphate), 
17-6; Ca, 3-6; Mg, 1-0; Na, 0-2; K, 0-1; SO,, 23-9%)]. 

Isolation of the Acid Polysaccharide.—The polysaccharide (hereafter designated H.E.) (0-75 g-) in 
water (50 c.c.) was treated with hydrochloric acid to bring the concentration to nN, and the solution in a 
cellophane bag was dialysed against hydrochloric acid (N) until free from calcium (9 days). Dialysis was 
continued against distilled water until free from chloride (5 days), and the solution was then diluted to 
250 c.c. in a standard flask. By titration against sodium hydroxide (0-05n) to phenolphthalein, the 
solution was found to be 7-49 x 10° nN; by weighing the sodium salt obtained on evaporation the 
equivalent of the sodium salt was calculated as 393 and that of the free acid as 371. The solution of the 
acid was non-reducing, but became reducing on heating at 100° for 10 minutes; [a]}9° + 43° (c, 0-14 in 
water) (Found: SQ,, 25:9%). 

Potentiometric Titration.—The table shows a comparison between the titration of the above acid 
solution (a) against sodium hydroxide (8-22 x 10*n) and hydrochloric acid (5-67 x 10-*n), (b) against 
sodium hydroxide (5-13 x 10-*n) using a quinhydrone electrode. 


NaOH added_se.m-f. NaOH added e.m.f. 

H (C.c.). (mv.). pH. 
58 —_— 304 2-65 
2-65 10 302 2-69 
2-79 20 298 2-76 
3-00 (b) 30 292 2-86 
3-24 40 280 3-07 
3-73 44 268 3-28 
4:77 46 258 3-45 
7-71 50 232 3-90 
52 160 5°15 

54 70 6-71 

56 8 7-78 
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Hydrolyses of H.E.—(1) H.E. (4-98 g.) was hydrolysed at 100° with oxalic acid (210 c.c.; 0-5N) to 
constant rotation (26 hours, [a]}®° + 25°). The solution was decolorised with charcoal, neutralised 
with calcium carbonate, filtered, and evaporated at 35°/15 mm. to a syrup admixed with calcium sulphate. 
Extraction with small quantities of water, filtration, and evaporation gave a syrup (4°52 g.). Galactose 
was determined quantitatively by dissolving the syrup in water (45 c.c.), adding ethanol (45 c.c.), acetic 
acid (0-5 c.c.), and phenylmethylhydrazine (3-75 c.c.), and keeping at 0° for 4 days. The crystalline 
galactose phenylmethylhydrazone was filtered off, washed with water, ethanol, and ether, and dried for 
3 days in a vacuum over phosphoric oxide, m. p. 186—187° (3-055 g.). Under identical conditions 
He. 396% g.) gave galactose phenylmethylhydrazone, m. p. 186° (4-978 g.), i.e., galactose from 

oEeey ‘0° ‘ 

(2) H.E. (11-1 g.) gave galactose phenylmethylhydrazone (6-83 g.), i.¢e., galactose from H.E., 39-9%. 

(3) H.E. (10-23 g.) was heated at 100° with a mixture of oxalic acid (0-1N) and potassium oxalate 
(400 c.c.; 0-1N) for 26 hours in a nitrogen atmosphere after Young and Rice (loc. cit.) and the procedure 
described by those authors for the isolation of diacetone 2-ketogluconic acid from Irish moss carried out. 
No identifiable products apart from galactose were obtained. 

The filtrates from (1) and (2) were treated with benzaldehyde according to Liidtke (Biochem. Z., 
1929, 419) to yield a glass, [a]p + 0° in water, which reduced Fehling’s and Barfoed’s solution, gave 
Schiff’s test, the Seliwanoff, Bredereck, and selenium dioxide ketose reactions, and the iodoform reaction 
in the cold; tests for pentoses, methylpentoses, and uronic acids were negative. Salts of organic acids 
were present, but attempts to isolate esters by treating the free acids with diazomethane followed by 
methylation were not successful. 

Hydrolysis of H.E. with n-Sodium Hydroxide at 100°.—H.E. (1-521 g.) was heated with n-sodium 
hydroxide (200 c.c.) at 100° in the presence of barium chloride (1-533 g.). At definite intervals samples 
(25 c.c.) were withdrawn, water (25 c.c.) and dilute acetic acid (10 c.c.) added, and the solution 
centrifuged. The residual combined sulphate in 50 c.c. of the solution was then determined by 
hydrolysis with hydrochloric acid and weighing the barium sulphate produced. 


NG iii ate hh ertinit 4 10 32 56 72 
Residual sulphate (BaSO,, mg.) ...... 70-2 65-6 47-4 38-0 34-4 
DS Ee ok cucwiads tahoe baw eae 23 28 48 58 62 


Acetylation of H.E.—To H.E. (15-9 g.) dissolved in water (200 c.c.), pyridine (700 c.c.) was added, and 
the pyridine—water azeotrope distilled off at 50°/15 mm. (Pacsu and Mullen, Joc. cit.) to a volume of about 
250 c.c. To the brown jelly so obtained pyridine (50 c.c.) and acetic anhydride (200 c.c.) were added, 
slowly, with shaking and cooling. After 12 days at room temperature the acetate was separated at the 
centrifuge and washed with pyridine, ethanol, and ether. The white powder (18 g.) so produced had 
[a]}$° + 46° (c, 0-8 in water) (Found : CH,-CO, 19-1%). 

Deacetylation and Methylation——The above acetate in water (300 c.c.) was treated with 
methyl sulphate (120 c.c.) and sodium hydroxide (300 c.c.; 30%) in one-twelfth portions every } hour, 
the temperature being kept below 20°. The solution was then heated to 80° for 30 minutes, cooled, 
neutralised with acetic acid, and dialysed against running water until sulphate-free (10 days). The 
dialysed solution was evaporated at 45°/15 mm. to a glass (OMe, 16-2%). This glass was taken up in 
water (100 c.c.), worked up with pyridine as described above, and reacetylated (CH,-CO, 5-9%). 
Simultaneous deacetylation and methylation as before increased the methoxyl content to 17-2%. This 
was followed by a third acetylation (CH,*CO, 4:-4%) and methylation (OMe, 17-6%), and a fourth 
acetylation (CH,-CO, 3-5%) and methylation (OMe, 18-2%) (14 g.). 

Attempts to increase the methoxyl] content of this specimen by three direct methylations with methyl 
sulphate and sodium hydroxide in the usual way were unsuccessful, as was the application of the thallium 
method (Hirst e¢ al., J., 1939, 1884). 

The methylated polysaccharide was obtained by precipitation from aqueous solution (after dialysis) 
by ethanol, as a white fibrous solid, [a]}>° + 43° (c, 1-6 in water) [Found: Ash (as sulphate), 18-2; Ca, 
3-75; Mg, 0-94; Na, 0-31; SO,, 24:7; OMe, 18-6%]. 

Hydrolysis of the Methylated Polysaccharide—-The above product (5-13 g.; OMe, 18-6%) was 
hydrolysed at 100° with oxalic acid (200 c.c., N/2) until the rotation was constant ([a]}*° + 37°). The 
solution was neutralised with calcium carbonate and worked up in the usual way to a brown syrup 
(4-0 g., OMe, 26-3%). 

Glycopyranoside Formation.—This syrup was boiled with methanolic hydrogen chloride (160 c.c. ; 
6%) until non-reducing (8 hours), neutralised with silver carbonate, evaporated, and extracted with 
ether to give a syrup (2°34 g., OMe, 360%, mi" 1-4665) which was fractionated to give (1) 0-09 g., b. p. 
100°/0-1 mm., nt" 1-4295; (2) 1-9 g., b. p. 145—155°/0-07 mm., nj” 1-4737, [a]}?” + 70° (c, 1-4 in water) 
(Found: OMe, 40:4. Calc. for C,H,,0,: OMe, 419%). Fraction (1) was identified as methyl levulate 
isolated as the dinitrophenylhydrazone, m. p. 136° not depressed on admixture with an 
authentic specimen. 

Preparation of Tetramethyl d-Galactopyranose Anilide from (2).—Fraction (2) (0-57 g.) was methylated 
with methyl sulphate and sodium hydroxide followed by two treatments with Purdie’s reagents to give a 
mobile syrup (0-47 g.), distilled, 90—110°/0-02 mm., to yield a colourless liquid (0-4 g.; mb} 1-4495) 
which was hydrolysed with sulphuric acid (15 c.c., N) at 100° for 6 hours. From the reducing syrup 
(0-35 g.) isolated in the usual way, treatment with aniline im alcohol gave an anilide (0-23 g.), m. p. 
193—194°, not depressed by authentic tetramethyl galactopyranose anilide; [a]}®° — 80° (c, 0-6 in 
acetone). 

Isolation of Crystalline Dimethyl Galactose.—Fraction (2) (0-81 g.) was hydrolysed with sulphuric acid 
(30 c.c.; N) for 5 hours, [a]}* + 82°. Neutralisation with barium carbonate, filtration, and evaporation 
gave a crystalline product (0-65 g.), m. p. 119—120° after three recrystallisations from dry ethyl acetate, 
[a]}®” + 48° (10 mins.), + 87° (240 mins., constant; c, 0-67 in water) (Found: C, 46-5; H, 7-5; OMe, 
29-1. Calc. for C,H,,0,: C, 46-2; H, 7-7; OMe, 29°8%). Normally crystallising as needles, this 
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dimethyl galactose was obtained in the form of large plates from ethyl acetate-light petroleum (b. p. 


Isolation of 6-Methyl Galactosazone.—The free sugar (0-34 g.) in water (5 c.c.) gave several crops 

0-26 g.) of an osazone which on recrystallisation had m. p. 201—203° not depressed by authentic 
methyl galactosazone (Found: OMe, 7-1. Calc. for CusH,O,N, : OMe, 83%). 

Galactofuranoside Formation.—The sugar in methanolic hydrogen chloride (1%; c, 1-675) showed the 
following rotational changes (time in hours): [a]}¥° + 42° (0-75); 23° (18); 12-5° (25); — 9-5° (42); 
— 15°5° (48); — 29° (66); — 39° (92); — 43°(114; constant). 

Evidence for Substitution on C,.—Fraction (2) was treated with an excess of toluene-p-sulphonyl 
chloride in pyridine to yield a syrupy product, [a]}’ + 32° (c, 2-3, in chloroform) (Found: OMe, 15-5. 

Treatment with sodium iodide in acetone according to Oldham and Rutherford (loc. cit.) gave a 
product devoid of iodine. Oxidation of the crystalline dimethyl galactose with sodium periodate 
gave no formaldehyde. 

Derivatives of 2: 6-Dimethyl Galactose.—2 : 6-Dimethyl galactonic acid. The dimethyl galactose 
(1-59 g.) in water (25 c.c.) was treated with bromine (1-75 c.c.) at room temperature until non-reducing 
(6 days). After aeration, neutralisation with silver carbonate, and treatment with hydrogen sulphide, 
etc., a viscous syrup (1-66 g.), [a]}7" + 26° (c, 1-6 in water), was obtained (Found: C, 42-5; H, 7-1; OMe, 
24:8. C,H,,O, requires C, 42-9; H, 7-2; OMe, 27-7%). 

2: 6-Dimethyl y-galactonolactone. The above crystalline acid (0-96 g.) distilled at 180°/0-02 mm. to 
give a syrup (0-9 g.), ni8° 1-4760, [a]}7” — 49° (initial); — 24° (28 days; c, 1-09 in water) (Found : OMe, 
28-6; equiv., 205. Calc. for CgH,,0O,: OMe, 301%; equiv., 206). Titration with sodium hydroxide 
was characteristic of a y-lactone. 

2 : 6-Dimethyl galactonamide. The above lactone (0-34 g.) was treated with methanolic ammonia 
(5 c.c.) at 0° for 2 days; removal of solvent gave a crystalline amide (0-365 g.) which after three 
recrystallisations from ethanol gave small needles, m. p. 154—155°, [a]}®* + 46° (c, 0-85, in water) (Found : 
C, 43-5; H, 7-3; N, 6-0; OMe, 26-7. C,,H,,0O,N requires C, 43:1; H, 7-7; N, 6:3; OMe, 27-8%). 
This amide (0-1 g.) gave a negative Weerman reaction. 

2: 6-Dimethyl galactonic acid phenylhydrazide. The lactone (0-2 g.) was allowed to react with 
phenylhydrazine (1 mol.) in boiling ether for 15 minutes. On removing the solvent and heating at 
85—90° for 2 hours, a crystalline product was obtained which was recrystallised (0-25 g.) from 
ethanol-ether, m. p. 140° alone and admixed with an authentic specimen of 2 : 6-dimethyl galactonic 
acid phenylhydrazide supplied by Dr. D. J. Bell (Found: C, 53-1; H, 7-2; N, 8-9; OMe, 19-0. Calc. 
for C,,H,,0,N,: C, 53-5; H, 7-1; N, 8-9; OMe, 19°8%)- 

2: 6-Dimethyl B-methyl-d-galactoside. The dimethyl galactose (0-5 g.) was acetylated at zoom temper- 
ature with pyridine and acetic anhydride in the usual way to give a crystalline acetate which was treated 
with hydrogen bromide in acetic acid followed by silver carbonate and methanol to give a non-reducin 
syrup (0-66 g.), [a]}®° + 19° (c, 6-6 in chloroform). This was deacetylated with sodium ydroxide (IN) 
and the product distilled at 145—150°/0-05 mm. to give a syrup (0°38 g.), n}° 1-4763, w.:ich crystallised 
on standing. After two recrystallisations from ether-light petroleum (b. p. 40—60°), hygruscopic needles, 
m. p. 72°, were obtained, [a]}*” — 22° (c, 0-9 in chloroform) (cf. Bell, Joc. cit.) (Found: OMe, 41-0. Calc. 
for C,H,,0,: OMe, 41-9%). 

2:6-Dimethyl 3:4-monoacetone f-methylgalactoside. The mother liquors from the above 
recrystallisations were evaporated to a syrup which crystallised slowly (0-2 g.) and was dissolved in dry 
acetone (50 c.c.) and shaken for 4 days with anhydrous copper sulphate (2g.). After the usual treatment, 
distillation at 100°/0-1 mm. gave a crystalline product, m. p. 55° (cf. Bell, Joc. cit.) (Found : OMe, 34-5. 
Calc. for C,,H,.0, ; OMe, 355%). 

2 : 6-Dimethyl galactose anilide. The dimethyl galactose (0-31 g.) in ethanol (7 c.c.) was heated with 
aniline (1 mol.) at 80° for 3-5 hours to give a crystalline anilide (0-42 g.). Three recrystallisations from 
ethanol gave needles, m. p. 121—122°, [a]}?" + 15° (c, 0-7 in ethanol) (Found: N, 5:2; OMe, 
22-2. C,,H,,0O,N requires N, 4:9; OMe, 21-9%). A satisfactory elementary analysis for carbon could 
not be obtained from this material (see also Bell, loc. cit.). 

Hydrolysis of Methylated H.E. followed by Furanoside Formation.—Methylated H.E. (5-23 g.; OMe, 
18-6%) was hydrolysed with oxalic acid (0-5N) as before to give a syrup (3-54 g.) which was treated with 
methanolic hydrogen chloride (100 c.c.; 2%) at room temperature. After 8 days the solution was 
non-reducing {[a]j/’' — 30° (c, 0-7)}. Neutralisation with silver carbonate, etc., gave a syrup (2-75 g.) 
which was distilled in the presence of barium carbonate, giving: (1) 0-05 g., b. p. 100°/15 mm., njf° 
1-4302; (2) 1-98 g., b. p. 120—145°/0-04 mm., [a]}® — 35° (c, 3-8; in water), nj~ 1-4672 (OMe, 39-0%) ; 

(3) 0-3 g., b. p. 145—165°/0-02 mm., nif 1-4710; iy 0-13 g., b. p. 165—205°/0-02 mm., ni%* 1-4813, 
{a}i®’ — 8° (c, 1-1 in water) (OMe, 33-9%). Fraction (2) was a mixture of 2: 6-dimethyl methylgalacto- 
furanosides and gave on ——_ (1-66 g.) crystalline 2 : 6-dimethyl galactose (1-2 g.), m. p. 110° 
without recrystallisation. Fraction (4) was thought to be an impure monomethyl methylgalactoside, 
but attempts to secure evidence of this by osazone formation were not successful. 

Hydrolysis of Methylated H.E. with Methanolic Hydrogen Chloride.—Methylated H.E. (4-65 g.; OMe, 
20-2%) was heated with methanolic hydrogen chloride (200 c.c.; 1-2%) for 24 hours in the presence of 
barium chloride (5-1 g.). After neutralisation with barium carbonate a non-reducing glass (4-1 g.) was 
isolated which still contained sulphur (OMe, 335%); this was boiled for 16 hours with methanolic 
hydrogen chloride (100 c.c.; 2%) in the presence of barium chloride. After neutralisation and suitable 
treatment an ether-soluble fraction (A) dis g.) and a glass (B) (2-6 g.) were isolated. (B) was further 
hydrolysed for 24 hours with methanolic hydrogen chloride (100 c.c.; 2-7%) and barium chloride from 
which an ether-soluble fraction (C) (0-23 g.) and an ethanol-soluble fraction (D) (2-1 g.; OMe, 32-0%) 
= sae (A) Seteceataen, Saran and distilled (OMe seis. we mm. to give mainly 

: 6-di yl methy’ ides (1-11 g.), nj 1-4748 e, 38-1%), which gave talline 
2: 6-dimethyl galactose in good yield on hydrolysis. % th 07 
Fraction (D) (1-75 g.) was dissolved in methano and methylated five times with silver oxide and 
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methyl iodide. Distillation gave : (1) 0-79 g., b. p. 90—95°/0-02 mm., njf” 1-4481 (OMe, 57-6%) ; (2) 
0-54 g., b. p. 95—100°/0-02 mm., ml?" 1-4478 (OMe, 56-9%) ; (3) 0-12 g., b. p. 100—125°/0-02 mm., #}) 
1-4483 (OMe, 55-3%). 

Fraction (1) (0°43 g.) was hydrolysed with sulphuric acid (N) and the reducing syrup (0-3 g.) treated 
with aniline in ethanol to give tetramethyl d-galactopyranose anilide (0-14 g.), m. p. 195°, ralie — 78° 
(c, 0-7 in acetone). The other component of the mixture could not be identified. 

Fractions (1), (2), and (3) (0-9 g.) were combined, and, after hydrolysis and treatment with aniline, 
tetramethyl d-galactopyranose anilide (0-3 g.), m. p. 196—197°, {a} — 81° (c, 0-7 in acetone), was 
obtained. No other products could be identified. 

A further hydrolysis with methanolic hydrogen chloride (4%, in nitrogen) resulted in the isolation 
after a chromatographic separation on aluminium oxide of 2 : 6-dimethyl galactose, m. p. 112° (30%). 
No other identifiable products could be isolated, and a search for methylated derivatives of 
2-ketogluconic acid after complete methylation was abortive. 


Thanks are expressed to Dr. A. P. Orr, Marine Biological Station, Millport, for the gift of material, 
to Dr. D. J. Bell for specimens, and to Imperial Chemical Industries Ltd. and the Earl of Moray 
Endowment for grants. 
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324. The Reaction of «B-Ethynyl Ketones with Active Methyl and 
Methylene Compounds. 


By A. W. JouHNson. 


The reaction of acyl- or aroyl-acetylenes (2 mols.) and pyridines containing a 4-methy]l or 
methylene group yields violet adducts which are represented by structures such as (III). 
active ‘“‘ zwitterion ’’ formed from 2 mols. of the ethyny] ketone is postulated as the intermediate 
in these and similar reactions. With 1:3: 3-trimethylindolenine methiodide, the acyl- or 
aroyl-acetylenes give, after the addition of alkali, adducts formed from equimolecular quantities 
of the reactants, but the corresponding reaction with 2-methylbenzthiazole ethiodide resembles 
those with the pyridines in that 2 mols. of the ketone react with each mol. of base. Theaddition 
of ethynyl ketones to nitrogen heterocyclic compounds containing active methylene groups, e.g., 
1-phenyl-3-methyl-5-pyrazolone, and active methine groups, ¢.g., 2 : 4-diphenylpyrrole and 
2-methylindole, is also described. 


In the course of other work on the reactions of the «$-ethynyl ketones, R°CO-C:CH, it was 
observed that when phenyl ethynyl ketone (Bowden, Heilbron, Jones, and Weedon, J., 1946, 39 
was dissolved in either methylated spirits or industrial absolute alcohol, a deep violet colour 
rapidly developed on warming, or more slowly at room temperature. This colour was not 
obtained with methyl] alcohol or denaturant-free alcohol. A sample of alcohol denaturant was 
therefore obtained and fractionated, and the colour shown to be associated with the presence of 
pyridine bases. Attention was then turned to the reaction of individual specially purified 
pyridine and quinoline homologues (0°5 c.c.) with phenyl ethynyl ketone (0°05 g.) in methyl 
alcohol (2 c.c.), and the following colours were observed : 


Base. Purification. Colour. 

PYPIGING 22. 0cccccecsccccceces Fractionation Pale yellow 

Gi ceccrscscsnssctcencs Regeneration from HgCl, adduct, Dark reddish-brown 
m. p. 153—154° 

ene ee Regeneration from oxalate,1 m. p. Pale yellow 
108—109° 

PEND sciinsisesariececaees Regeneration from oxalate,2 m. p. Intense  reddish-violet; crystals 
139—140° separated on standing 

4-Ethylpyridine ........ «+. Fractionation ® (synthetic) Intense reddish-violet; crystals 

separated on standing 

2: 4-Lutidine ............... Regeneration from HgCl, adduct,»* Intense reddish-violet ; no separation 
m. p. 117—119° of solid 

2s CERIN, 6000000000000. Regeneration from HgCl, adduct, Pale pink 
m. p. 187—189° 

Quinaldine ..........seeceees Fractionation Pale yellow 

EMOEIES ccccsoscsvessscssesss Fractionation (synthetic) Orange-red 


1 Lidstone, J., 1940, 241. 

2 Kolloff and Hunter, J. Amer. Chem, Soe., 1941, 68, 490. 
® Wibaut and Arens, Rec. Trav. chim., 1941, 60, 119. 

* Bratton and Bailey, J. Amer. Chem. Soc., 1937, 59, 177. 


It was therefore apparent that the coloration observed in alcoholic solutions of phenyl 
ethynyl ketone was due to the presence of pyridine homologues containing active (i.e., «- or y-) 
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methyl or methylene groups and that violet colorations were to be particularly associated with 
the y-substituted pyridines. The colour produced from the reaction of y-picoline with pheny] 
ethyny] ketone proved to be sufficiently sensitive to detect 2 p.p.m. of the base in methy] alcohol. 
Attempts were made to apply the colour reaction to the quantitative determination of «-picoline 
in pyridine (y-picoline may be readily separated from pyridine by fractionation), but the reaction 
proved to be less sensitive in the case of the a-isomer, and other methods for the estimation of 
«-picoline were found to be preferable. 

Purification and analyses of the violet adduct from y-picoline and phenyl ethynyl ketone 
indicated a molecular formula, C,,H,,O,N (i.e., 2C,H,O,C,H,N), and this was supported by the 
almost quantitative yield of the adduct obtained on mixing 2 mols. of phenyl ethyny]l ketone 
with 1 mol. of y-picoline in a small volume of methyl alcohol. The same adduct was obtained 
when other alcoholic solvents, ¢.g., 2-ethoxyethanol, were used as solvents for the reaction, but 
in non-polar solvents such as ether or benzene mixtures of products were formed. 

It is probable that the reaction of ethynyl ketones with y-picoline and similar compounds 
closely resembles those described by Diels and his co-workers (Annalen, 1932, 498, 16; 1933, 
505, 103; 1934, 510, 87; 513, 129; 1935, 516, 45; 519, 140; 1936, 525, 73; 1937, 580, 68; 
1939, 548, 79; 1944, 556, 38; J. pr. Chem., 1940, 156, 195; Ber., 1942, 75, 1452) in which ethyl 
acetylenedicarboxylate was caused to react with a variety of heterocyclic bases. It was 
postulated that the zwitterion (I) was an intermediate which reacted with the base as shown : 


CO,Et CO,Et on fO.Bt O,Et 
2(¢C-CO,Et), —> Et0,C-C:C = {C-CO,Et —> EtO,C-CR: <CH-CO,Et 


In the case of phenyl ethyny] ketone the active intermediate would be (II) by analogy, giving 


(III) on addition to y-picoline : 


OPh lei aa OPh 
2HC:xC-COPh —>» HC:C-CH:C-COPh ————> HN< =CH-CH: *CH:CH-COPh 
® 8 = 


(II.) (III.) 


OPh ~~ 
a OF as ~ aoe a 
HNC — —CH:CH crcncg go at COPh 
(IV.) (V. 


The intense violet colour of the adduct is probably due to the resonance between (III) and 
structures such as (IV) and (V). 

A further example of phenyl ethyny] ketone reacting in the zwitterion form was encountered 
in the reaction with ammonium acetate in acetic acid solution, 5-benzoyl-2-phenylpyridine being 
obtained (cf. Bowden and Jones, J., 1946, 953) together with s-tribenzoylbenzene. 

Another possible mechanism for the reaction is that the compound (VI) is the intermediate in 
the reaction, in which case the final adduct could be (III) or (VII). Of the two mechanisms, 
the former is preferred, for it will be shown later that 2: 3 : 3-trimethylindolenine methiodide 
reacts with only 1 equiv. of ethynyl ketones to give adducts of the type (VI) after the addition of 
potassium acetate, and in no case could a second equiv. of ethynyl ketone be induced to add to 
the primary adduct. 


= = H:CH-COPh — ({H,; ¢OPh 
HN{ _=CH-CH:CH-COPh HN >< HN —C-CH:C-CH:CH-COPh 
- .. H!CH-COPh Oe 
(VI.) (VII.) (VIII.) 


Nevertheless, structure (VII) has been eliminated on chemical grounds, for it was shown that 
the reaction of 4-ethylpyridine (Wibaut and Arens, Joc. cit.) with phenyl ethynyl ketone in 
methanolic solution readily gave the violet adduct (VIII). The accepted structure (IIT) for the 
adduct of +-picoline and phenyl ethyny] ketone was further supported by oxidative degradation. 
Oxidation with 50% nitric acid gave benzoic acid (2 mols.) and isonicotinic acid (1 mol.) [#.e., 
from the nitric acid salt (IX)], isolated as its picrate. 

sed OPh 
NO,(HNC S—cH,CHIC-CH:CH-‘COPh (IX.) 


Analogues of (III) have been prepared by reaction of y-picoline with methyl ethynyl ketone, 
m-methoxyphenyl ethynyl ketone, and o-chlorophenyl ethynyl ketone, severally. With phenyl 
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1-hexynyl ketone and y-picoline in methanolic solution a deep blue solution was obtained but the 
adduct was an oil. Stable pyridine methide compounds containing no nitrogen substituents are 
uncommon, but Tschitchibabin, Kuindshi and Benewolenskaya (Ber., 1925, 58, 1580) have 
shown that the yellow compound (X) is converted into the purple isomer (XI) on irradiation. 
The reverse change occurs in the absence of light. 


(\_ aN = (\ IN 

” ms, _S-No, a \ j-cu—<_S—no, 
NO, O, 
(X.) (XI.) 


Diels and Pistor (Annalen, 1937, 530, 87) have shown that «-picoline reacts with ethyl 
acetylenedicarboxylate in ethereal solution to give some of a dark red adduct formulated as 
(XII), which was converted into (XIII) on refluxing with methyl alcohol. No mention was 
made of the possibility of (XII) being in the quinonoid form. 


O,Et CO,Et CO,Et “/\ HO 
QO -cx, : “—_E:CH-CO,Et U-< Noort 


EtO,C CO,Et 
(XII) (XIII) 


The reaction of «8-ethynyl ketones with quaternary salts containing active methyl groups 
has also been investigated. Phenyl ethynyl ketone with 2:3: 3-trimethylindolenine 
methiodide, after the addition of potassium acetate to remove the elements of hydrogen iodide, 
gave a red crystalline compound, m. p. 158—159°, which contained no iodine, had the 
constitution C,,H,,ON, and was formulated as (XIV; R = Ph). 








, CMe, ~ CMe, 
OK \\C:cH-CH:CH-COR O eC \co 
(XIV) W/\yZ VW \y (XV.) 
Me Me 


This formulation was supported by the almost quantitative yield of (XIV) obtained on 
mixing equimolecular quantities of the reactants in methyl alcohol and by the oxidation of the 
adduct with 50% nitric acid, whereupon 4 : 6-dinitro-1 : 3 : 3-trimethyloxindole (XV) (Beilstein, 
‘‘ Handbuch der Organischen Chemie’’, 21, 294; Brunner, Monatsh., 1896, 17, 266) was 
obtained in good yield. Analogues of (KIV; R = Me and m-MeO:C,H,) have been prepared 
from trimethylindolenine methiodide with methyl ethynyl ketone and m-methoxypheny] ethynyl 
ketone, respectively. 

A second mol. of phenyl ethynyl ketone could not be added to (XIV) to form an adduct 
analogous to (III) (e.g., on heating an alcoholic solution in the presence of a small amount of 
sodium hydroxide or piperidine or on heating in acetic anhydride) and (XIV) was always formed 
from the condensation of 2 : 3 : 3-trimethylindolenine methiodide and phenyl ethynyl ketone, 
however the ratio of the reactants was varied. The corresponding condensation of the 
diethylacetal of propiolic aldehyde with 2 : 3 : 3-trimethylindolenine methiodide gives rise to the 
indocarbocyanine dyestuff, Astrophloxine FF (XVI), and the intermediate corresponding to 
(XIV) has not been oe (Bayer, G.P. 410,487). 


OMe 
CMe, CMe, Cc Va a. 
. S ne OMe 
OC C:CH-CH:CH-CH:CH- iC CO ( X \ecee-cae cH:cH-co—<_'S 
M we ¢ = 
e€ 


(XVI) Ai Et (XVIL.) 


Attempts to condense (XIV; R = Me, Ph) with a second mol. of 2 : 3 : 3-trimethylindolenine 
methiodide have not been successful. 

The reaction of 2-methylbenzthiazole ethiodide with m-methoxyphenyl ethynyl ketone in 
the presence of potassium acetate gave a moderate yield of the red adduct (XVII), in which 2 
mols. of the ketone had reacted with each mol. of the base, but highly coloured products were not 
obtained from similar reactions with the ethiodides of 2-methylbenzoxazole or 2-methylbenz- 
iminazole. With quinaldine and lepidine ethiodides, dark blue adducts were obtained from the 
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reaction with phenyl ethynyl ketone in methyl-alcoholic solution in the presence of potassium 
acetate, but the structure of the products has not yet been fully elucidated and will be described 
in a later paper. 

af-Ethynyl ketones have also been added to active methylene and methine groups of certain 
nitrogen heterocyclic compounds. No basic catalyst is required to effect the addition which 
takes place merely on refluxing the reactants together in methyl-alcoholic solution. With 
2 : 4-diphenylpyrrole (Rogers, J., 1943, 590) adducts of the type (XVIII) are readily obtained, 
the structure of which has been proved by condensation with a further mol. of 2 : 4-diphenyl- 
pyrrole in the presence of acids to give the highly coloured salts (XIX) (Cook and Majer, /., 
1944, 482). 


Ph Ph Ph—=—= 
phi ) _CH:CH-COR (R= Me, Ph). pal J *CH:CH-CRA Ph 
‘ : 


Br\H 
(XVIIT.) (X1IX.) 


The reaction of 1-phenyl-3-methyl-5-pyrazolone and methyl ethynyl ketone gave (XX), 
identical with the product obtained by Gaspar (B.P. 515,998) by the condensation of the 
pyrazolone with sodio-formylacetone. The addition of phenyl ethynyl ketone to 2-methylindole 
gave an adduct formulated as (XXI) by analogy with the additions of maleic anhydride (Diels, 
Alder, and Liibbert, Annalen, 1931, 490, 277) and p-benzoquinone (Méhlau and Redlich, Ber., 
1911, 44, 3605). 


CH CH:CH-CO-CH 

. i bo . 4 > CH:CH-COPh 
\y/ MA 

(XX.) Ph H (XXI.) 


EXPERIMENTAL. 
(M. p.s are uncorrected, and micro-analyses were carried out by Mr. E.S. Morton.) 


4-(3’ : 5’-Dibenzoylpenta-2’ : 4’-dienylidene)-1 : 4-dihydropyridine (III).—y-Picoline (2-8 g. ; regenerated 
from the oxalate) in methyl alcohol (10 c.c.) was added dropwise with stirring to a solution of phenyl 
ethynyl ketone (8-0 g.; Bowden, Heilbron, Jones, and Weedon, /oc. cit.) in methyl alcohol (20 c.c.), the 
temperature being kept below 30°. The solution became red and then red-violet and the solid adduct 
was deposited almost immediately. After standing for 3 hours, the solid (10-1 g.) was separated and 
washed with cold methyl alcohol (20 c.c.). Rapid crystallisation from 2-ethoxyethanol gave 
4-(3’ : 5’-dibenzoylpenta-2’ : 4’-dienylidene)-1 : 4-dihydropyridine as red-violet needles, m. p. 202—203°. 
Prolonged boiling of 2-ethoxyethanol solutions caused decomposition, and small quantities of the adduct 
may be conveniently crystallised from methyl alcohol (Found: C, 81-3; H, 5-4; N, 3-85, 4-05. 
C.4H,,0,N requires C, 81-6; H, 5-4; N, 40%). In order to obtain satisfactory carbon analyses in this 
series, it was necessary to mix copper oxide with the sample for combustion. Light absorption: 
maximum 5250 a., e max. 6920. The adduct formed an orange solution in concentrated sulphuric acid 
and the red-violet methyl-alcoholic solution of the adduct was turned pink by the addition of dilute acids. 
The solution was unchanged in colour on addition of 2N-sodium hydroxide or 2N-ammonium hydroxide 
but turned yellow on addition of 10N-sodium hydroxide solution. 

4-(3’ : 5’-Dibenzoyl-1’-methylpenta-2’ : 4’-dienylidene)-1 : 4-dihydropyridine (VIII).—4-Ethylpyridine 
(0-82 g.; Wibaut and Arens, Rec. Trav. chim., 1941, 60, 119) in methyl alcohol (2 c.c.) was added to phenyl 
ethynyl ketone (2 g.) in methyl alcohol (8 c.c.). The solution rapidly became red-violet and heat was 
evolved. After standing overnight, the crude solid, m. p. 217—219° (1-6 g.), was separated and 
crystallised from methyl alcohol (500 c.c.) to yield 4-(3’ : 5’-dibenzoyl-1’-methylpenta-2’ : 4’-dienylidene)- 
1 : 4-dihydropyridine, m. p. 232—233° (Found: C, 81-6; H, 5-7; N, 4-1. C,;H,,O,N requires C, 81-8; 
H, 5-7; N, 3-8%). 

4-(3’ : 5’-Di-m-methoxybenzoylpenta-2’ : 4’-dienylidene)-1 : 4-dihydropyridine.—y-Picoline (0-3 g.) in 
methyl alcohol (1 c.c.) was added to a solution of m-methoxyphenyl ethynyl ketone (1-0 g.; Johnson 
and Melhuish, this vol., p. 346) in methyl alcohol (5c.c.). The mixture rapidly acquired a red-violet 
coloration with evolution of heat. After standing overnight, the solid (1-1 g.) was separated, washed 
with methyl alcohol, and crystallised from 2-ethoxyethanol, 4-(3’ : 5’-di-m-methoxybenzoylpenta-2’ : 4’- 
dienylidene)-1 : 4-dihydropyridine being obtained as red-violet needles, m. p. 195—196° [Found : C, 75-1; 
H, 5-75; OCH,, 14:7. C,,H,,O,N(OCH,), requires C, 75-5; H, 5-6; OCHs, 15-0%]. 

4-(3’ : 5’-Dt-o-chlorobenzoylpenta-2’ : 4’-dienylidene)-1 : 4-dihydropyridine.—y-Picoline (0-3 g.) and 
o-chlorophenyl ethynyl ketone (1-0 g.; see below for preparation) under the conditions of the previous 
experiment afforded 4-(3’ : 5’-di-o-chlorobenzoylpenta-2’ : 4’-dienylidene)-1 : ae ea (1:0 g.), 
which crystallised from 2-ethoxyethanol (5 c.c.) as violet needles, m. p. 140—141° (Found: Cl, 16-9. 
C.4H,,0,NCl, requires Cl, 16-8%). : 

4-(3’: Biacetylpenta-2 : 4’-dienylidene)-1 : 4-dihydropyridine.—y-Picoline (0-7 g.) in methy] alcohol 
(1-0 c.c.) was added to a solution of methyl ethynyl ketone (1-0 g.; Bowden, Heilbron, Jones, and 
Weedon, Joc. cit.) in methyl alcohol (2 c.c.) with external cooling. A vigorous reaction occurred and the 
solution became reddish-brown. 4-(3’ : 5’-Diacetylpenta-2’ : 4’-dienylidene)-1 : 4-dihydropyridine rapidly 
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separated and after standing overnight it was collected (1-4 g.) and crystallised from methyl alcohol, 
forming reddish-brown needles, m. p. 202—203° (Found: C, 73-0; H, 6-75; N, 5°7. C,4H,,O,N 
requires C, 73-35; H, 6-55; N, 61%). 

o-Chlorophenylethynylcarbinol.—Purified acetylene was rapidly passed into liquid ammonia (1000 
c.c.) with stirring and cooling, and sodium (23 g.) added in small pieces at such a rate that the blue colour 
never persisted for more than few moments. A solution of o-chlorobenzaldehyde (140 g.; redistilled) in 
ether (150 c.c.) was added dropwise during 1} hours, and the mixture was stirred and cooled for a further 
3 hours with continued introduction of acetylene. The ammonia was allowed to evaporate overnight and 
ether and dilute hydrochloric acid (ice) were added to the residue. Isolation of the product in the usual 
manner gave oe eg ey as a pale yellow liquid (73 g.), b. p. 147—148°/26 mm. ; 
n?#® 1-5669 (Found: C, 64-55; H, 4-05. C,H,OCI requires C, 64-85; H, 4-2%). In one experiment, 
o-chlorobenzyl alcohol, b. p. 120—125°/18 mm., m. p. 71—72°, formed by a simultaneous Cannizzaro 
reaction, was isolated from the lower-boiling fractions of the distillation, and it is therefore important not 
to add the aldehyde too quickly to the sodium acetylide solution. 

o-Chlorophenyl Ethynyl Ketone.—To a stirred solution of o-chlorophenylethynylcarbinol (68 g.) in 
acetone (80 c.c.), a solution of chromium trioxide (38 g.) in water (120 c.c.) was slowly added in an 
atmosphere of nitrogen, the temperature of the solution being kept below 15°. After a further hour’s 
stirring, the mixture was poured into water (1000 c.c.) and extracted with ether (3 x 200 
c.c.). Evaporation of the ethereal solution gave a yellow solid which recrystallised from petroleum 
(b. p. 60—80°) to give o-chlorophenyl ethynyl ketone (41 g.) as pale yellow needles, m. p. 67—68° (Found : 
C, 65-45; H, 3:3. C,H,;OCl requires C, 65-65; H, 3-05%). The ketone readily formed a red insoluble 
copper derivative and a white insoluble silver derivative. 

henyl 1-Hexynyl Ketone.—A solution of chromium trioxide (9 g.) in water (28 c.c.) and concentrated 
sulphuric acid (7-5 c.c.) was added dropwise during 1 hour with stirring to 1-phenyl-2-hexyn-1-ol (18-2 g. ; 
Campbell, Campbell, and McGuire, Chem. Abs., 1941, 35, 5872) in acetone (30 c.c.), the reaction 
temperature being kept below 15°. The mixture was further stirred for 1 hour at room temperature and 
then poured into water (300 c.c.), and the product isolated by means ofether. Distillation of the residue 
after removal of the solvent gave phenyl 1-hexynyl ketone asa pale yellow liquid (12-6 g.), b. p. 104°/1 mm. ; 
n?" 1-5451 (Found : C, 83-5; H, 7-2. C,;H,,O requires C, 83-85; H, 7-5%). 

Oxidation of 4-(3’ : 5’-Dibenzoylpenta-2’ : 4’-dienylidene)-1 : 4-dihydropyridine—The adduct (III) 
(1-0 g.) was treated with nitric acid (25c.c.; d 1-42) and water (25 oe.Sand refluxed for 3hours. Nitrous 
fumes were evolved and the final solution was clear yellow. After standing overnight, benzoic acid 
(0-4 g.), m. p. 120—121° after sublimation, was deposited and was separated. The filtrate was 
concentrated, and on cooling, a further amount of benzoic acid (0-1 g.) was obtained, which was again 
separated. The filtrate was diluted with water (5 c.c.) and again concentrated, and this process repeated 
in order to remove the excess of nitric acid. The residue was again diluted with water (5 c.c.) and the 
filtered solution extracted with ether (3 x 5c.c.). The aqueous layer was treated with excess of picric 
acid solution and the first-formed low-melting precipitate removed. After standing overnight, 
isonicotinic acid picrate separated as stout yellow needles (0-25 g.), m. p. 214—215°, after crystallisation 
from water (Found: C, 40-65; H, 2-45; N, 15°85. C,,H,O,N, requires C, 40-6; H, 2-3; N, 15-8%). 
The m. p. of this derivative was not depressed on admixture with an authentic specimen, prepared from 
the isonicotinic acid obtained by permanganate oxidation of y-picoline (Koelsch, J. Amer. Chem. Soc., 
1943, 65, 2464). A mixture of isonicotinic acid picrate with nicotinic acid picrate, m. p. 210—211° 
(Found: C, 40-6; H, 2-7%), had m. p. 186—199°. 

1: 3: 3-Trimethyl-2-(3’-benzoylallylidene)dihydroindole (XIV; R = Ph).—Phenyl ethynyl ketone 
(4-4 g.) in methyl alcohol (10 c.c.) was added to a solution of 2 : 3 : 3-trimethylindolenine methiodide (10 g.) 
in methyl alcohol (60 c.c.) and the mixture refluxed for 1 minute. A solution of potassium acetate 
(3-4 g.) in methyl] alcohol (6 c.c.) was added to the yellow solution, which rapidly became red. After 
standing for 3 hours, the precipitated 1 : 3 : 3-trimethyl-2-(3’-benzoylallylidene)dthydroindole (9-0 g. ; 89%) 
was separated, and crystallised from methyl] alcohol in orange-red prisms, m. p. 158—159° (Found: C, 
82-9; H, 7-2; N, 4-95. C,,H,,ON requires C, 83-15; H, 6-9; N, 46%). Light absorption: maximum 
4600 a., « max. 45,100. 

1: 3: 3-Trimethyl-2-pent-2’-en-4’-onylidenedihydroindole (XIV; R = Me).—Methyl ethyny] ketone 
(0-46 g.) in methyl alcohol (2 c.c.) was added to a solution of 2 : 3 : 3-trimethylindolenine methiodide (2 g.) 
in methyl alcohol (15 c.c.), and the mixture warmed slightly. A solution of potassium acetate (0-34 g.) 
in methyl alcohol (2 c.c.) was added, and the solution immediately became dark yellow. Afterstanding 
overnight, the adduct was precipitated by cautious addition of water. 1 : 3 : 3-Trimethyl-2-pent-2’-en- 
4’-onylidenedihydroindole crystallised from 50% aqueous methyl alcohol in long yellow needles, m. p. 
130—131° (Found: ©, 79-45; H, 7-7; N, 6-05. C,H, ON requires C, 79-65; H, 7-9; N, 5-8%). Light 
absorption: maximum 4150 a., « max. 45,800. 

1:3: 3-Trimethyl-2-(3’-m-methoxybenzoylallylidene)dihydroindole (XIV; R = m-MeO-C,H,).— 
m-Methoxyphenyl ethynyl ketone (1-08 g.) in methyl alcohol (5 c.c.) was added to a solution of 
2:3: 3-trimethylindolenine methiodide (2 g.) in methyl alcohol (15 c.c.), and the mixture refluxed for 1 
minute. A solution of potassium acetate (0-7 g.) in methyl alcohol (5 c.c.) was added, after which the 
solution acquired a deep red colour and the solid adduct was rapidly deposited. After standing for 3 
hours, 1 : 3 : 3-trimethyl-2-(3’-m-methoxybenzoylallylidene)dihydroindole (2-0 g.) was separated, washed, 
and crystallised from methyl alcohol (300 c.c.), forming bright red plates, m. p. 182—183° (Found: C, 
78-7; H, 6-5; N, 4°85. C,,H,,0,N requires C, 78-7; H, 6-5; N, 4:8%). Ligh absorption : maximum 
4600 a., « max. 46,300. 

Oxidation of 1:3: 3-Trimethyl-2-(3’-benzoylallylidene)dihydroindole.—The adduct (XIV; R = Ph) 
(1 g.) was treated with nitric acid (d 1-42; 25 c.c.) and water (25 c.c.) and the mixture refluxed for 3 
hours. Nitrous fumes were evolved and the black tar at first produced slowly dissolved and a yellow 
solution was formed. After cooling, the solution was made alkaline to brilliant-yellow, any solid 
“ee, and the solution extracted with ether (3 x 50c.c.). Removal of the ether gave a pale brown 
solid (0-37 g.) which was crystallised from methyl alcohol and then from a small volume of toluene to 
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give 4: 6-dinitro-1 : 3 : 3-trimethyloxindole as pale yellow plates, m. p. 146—147° (Brunner, Joc. cit., 
gives m. p. 148°), alone and mixed with an authentic specimen. 

3-Ethyl-2-(3’ : 5’-di-m-methoxybenzoylpenta-2’ : 4’-dienylidene)benzthiazoline (XVII).—m-Methoxy- 
phenyl ethyny] ketone (0-52 g.) in methyl alcohol (5 c.c.) was added to a solution of 2-methylbenzthiazole 
ethiodide (1 g.) in methyl alcohol (5 c.c.), and the mixture warmed slightly. A solution of potassium 
acetate (0-32 g.) in methyl alcohol (3 c.c.) was added, whereupon the solution became deep red and a solid 
adduct, m. p. 150—154°, was deposited after standing overnight. The adduct (0-2 g:) was repeatedly 
crystallised from 2-ethoxyethanol to yield 3-ethyl-2-(3’ : 5’-di-m-methoxybenzoylpenta-2’ : 4’-dienylidene)- 
bensthiazoline as small red needles, m. p. 171—172° (Found:.C, 72:5; , 5-25; N, 2:9; S, 6-05. 
C39H,;0,NS requires C, 72-45; H, 5-4; N, 2-8; S, 6-4%). 

3 : 5-Diphenyl-2-(2’-benzoylvinyl)pyrrole (XVIII; R = Ph).—A solution of 2: 4-diphenylpyrrole 
(1 g.) and phenyl ethynyl ketone (0-6 g.) in methyl alcohol (40 c.c.) was refluxed for one minute and 
allowed to stand overnight. 3: 5-Diphenyl-2-(2’-benzoylvinyl)pyrrole (1-4 g.) crystallised in orange-red 
prisms, which were recrystallised from methyl alcohol. The pure adduct, m. p. 212°, dissolved in 
concentrated sulphuric acid to a red solution (Found: C, 85-9; H, 5-45; N, 3-85. C,;H,,ON requires 
C, 85-9; H, 5-45; N, 4-0%). 

Bis-2-(3 : 5-diphenylpyrrole)-a-phenylirimethincyanine Bromide (XIX; R = Ph).—The foregoing 
compound (1-75 g.) and 2: 4-diphenylpyrrole (1-1 g.) in acetic acid (3 c.c.) were treated with a 50% 
solution of hydrobromic acid in acetic acid (0-8 c.c.). An immediate deep violet coloration was produced 
and the mixture was warmed on the steam-bath for 40 minutes. After cooling, the adduct was separated, 
washed with methyl alcohol, and crystallised from chloroform to give bis-2-(3: eae Le Ra 
phenyltrimethincyanine bromide as violet prisms with a golden lustre, m. p. 245—246° (Cook and Majer, 
loc. cit., give m. p. 245°). 

3 : 5-Diphenyl-2-(but-1’-en-3’-onyl)pyrrole (XVIII; R = Me).—Prepared similarly to the phenyl 
analogue from 2 ; 4-diphenylpyrrole (1 g.) and methyl ethyny] ketone (0-3 g.) in methy] alcohol (40 c.c.), 
and crystallised from methyl] alcohol, 3 : 5-diphenyl-2-(but-1’-en-3’-onyl)pyrrole (1-1 g.) formed orange 
prisms, m. p. 207°, which dissolved in concentrated sulphuric acid to a deep orange solution (Found: C, 
83-3; H, 5-85; N,5-1. C,9H,,ON requires C, 83-6; H, 5-9; N, 4-9%). 

Bis-2-(3 : 5-diphenylpyrrole)-a-methylirimethincyanine Bromide (XIX; R= Me).—The pyrrole 
(XVIII; R = Me) (0°3 g.) and 2 : 4-diphenylpyrrole (0-2 g.) in ethyl acetate (2 c.c.) were treated with a 
50% solution of hydrobromic acid in acetic acid (0-3 c.c.), and the mixture heated on the steam-bath for 
onehour. The green dye was separated, and crystallised from ethyl acetate—ether, forming green plates, 
m. p. 224° (Cook and Majer, Joc. cit., give m. p. 225°). 

1-Phenyl-3-methyl-4-(but-1’-en-3’-onyl)-5-pyrazolone (XX).—1-Phenyl-3-methyl-5-pyrazolone (1 g.) 
and methyl ethynyl ketone (0-4 g.) in methyl alcohol (10 c.c.) were refluxed for one minute, and the red 
solution kept at room temperature for 2 days. 1-Phenyl-3-methy]-4-(but-1’-en-3’-ony])-5-pyrazolone 
was separated and crystallised from methyl alcohol, forming yellow hair-like crystals, m. p. 181° (Gaspar, 
loc. cit., gives m. p. 177°) (Found: C, 69-7; H, 5-3. Calc. forC,,H,,0O,N,: C, 69-4; H, 5-8%). 

2-Methyl-3-(2’-benzoylvinyl)indole (XXI).—2-Methylindole (1 g.) and phenyl ethyny] ketone (1 g.) 
were dissolved in methyl alcohol (5 c.c.) and allowed to stand overnight. 2-Methyl-3-(2’-benzoylvinyl)- 
indole was separated, and crystallised from methyl alcohol in orange prisms, m. p. 183—184° (Found : 
C, 82-5; H, 5-6; N, 5-5. C,,H,,ON requires C, 82-8; H, 5-75; N, 5-35%). 

3-Benzoyl-6-phenylpyridine and s-Tribenzoylbenzene.—Phenyl ethyny! ketone (1 g.) in acetic acid 
(1 c.c.) was treated with a cold saturated solution of ammonium acetate (0-8 g.) in acetic acid, and the 
mixture kept at room temperature for 3 days. The precipitated solid was thoroughly extracted with 
2n-hydrochloric acid (3 x 10 c.c.), and the acid extract basified to Clayton-yellow, whereupon crude 
5-benzoyl-2-phenylpyridine was obtained. Repeated crystallisation from alcohol with carbon 
clarification gave the base as almost colourless plates (0-2 g.), m. p. 86—87° (Bowden and Jones, /., 
1946, 953, give m. p. 84—85°). The residue from the acid extract was crystallised from alcohol, and 
s-tribenzoylbenzene was obtained as colourless needles (0-3 g.), m. p. 119° (Claisen, Annalen, 1894, 281, 
307, gives m. p. 118—119°). 


The author is indebted to Mr. J. D. Rose for his interest in this work. 
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325. The Friedel-Crafts Reaction with 1-Acyl-2 : 3-dimethylindoles. 
By W. J. Gaupion, W. H. Hook, and S. G. P. PLant. 


Substances derived from l-acetyl- and 1-benzoyl-2 : 3-dimethylindole by the Friedel-Crafts 
reaction have been hydrolysed to a compound which has been proved to be 6-acetyl-2 : 3-di- 
methylindole. 2: 3-Dimethyl-6-ethylindole has been obtained from it by reduction and 
subsequent dehydrogenation, as well as from 2-acetamido-1 : 4-diethylbenzene by the action of 
potassium #ert.-butoxide. The results are analogous to those previously observed in the 
carbazole group. Certain reactions of 1 : 6-diacetyl-2 : 3-dimethylindole have been studied. 


EARLIER work has shown that while disubstitution at the 3- and 6-positions readily takes place 
when acid chlorides and anhydrides act under the conditions of a Friedel-Crafts reaction on 
carbazole and its 9-alkyl derivatives, similar treatment of the 9-acylcarbazoles leads to 
monosubstitution at the 2-position (see, ¢.g., Plant, Rogers, and Williams, J., 1935, 741; 
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Mitchell and Plant, /., 1936, 1295). Plant and Rogers (J., 1936, 40) found that 9-acetyl- and 
9-benzoyl-tetrahydrocarbazole gave their 7-acetyl and 7-benzoyl derivatives (I; R = Ac or 
Bz) under similar conditions, and it seemed probable that the 6-position would be that normally 


‘f 43 Me a 
RL R Me Et JNHAc 
R R 


(I.) (II.) (III.) 


taken by the substituent in Friedel-Crafts reactions with simple indoles such as the 1-acyl-2 : 3- 
dimethylindoles (II; R= Acyl). In order to investigate this, l-acetyl-2 : 3-dimethylindole 
was treated with acetyl bromide (or chloride) and aluminium chloride, and a diacetyl-2 : 3-di- 
methylindole, m. p. 116°, was obtained. A small quantity of a triacetyl-2 : 3-dimethylindole was 
formed at the same time, and this was also prepared by a further application of the Friedel-Crafts 
reaction to the diacetyl compound, m. p. 116°. 1-Benzoyl-2 : 3-dimethylindole was converted 
under similar conditions into an acetyl derivative, which, on hydrolysis, gave an 
acetyl-2 : 3-dimethylindole, m. p. 154°, identical with that obtained by the hydrolysis of the 
diacetyl compound. That the substance, m. p. 154°, was not 5-acetyl-2 : 3-dimethylindole was 
proved by reducing it by the Clemmensen method. The resulting 2 : 3-dimethylethylindoline, 
which formed a characteristic phenylcarbamyl derivative, gave, on dehydrogenation, a 
2 : 3-dimethylethylindole, m. p. 74°, different from 2 : 3-dimethyl-5-ethylindole synthesised from 
p-ethylphenylhydrazine and methyl ethyl ketone. Further investigations into the structure of 
these products had to be discontinued early in 1940 for the duration of the war. In the 
meantime Borsche and Groth (Annalen, 1941, 549, 238) have treated l-acetyl-2 : 3-dimethylindole 
with acetyl chloride and aluminium chloride and obtained a compound, m. p. 115—116°, which 
they called 1 : 6-diacetyl-2 : 3-dimethylindole. It was hydrolysed to a substance, m. p. 153°, 
stated to be 6-acetyl-2 : 3-dimethylindole. No experimental evidence was adduced for the 
structures, which were assigned on the basis of the work of Plant and others referred to above. 

The validity of these assumptions has now been established by the synthesis of 
2 : 3-dimethyl-6-ethylindole from 2-acetamido-1 : 4-diethylbenzene (III), m. p. 154°, by heating it 
with potassium /ert.-butoxide under conditions similar to those used by Marion and Ashford 
(Canadian J. Res., 1945, 28B, 26; see also Tyson, J. Amer. Chem. Soc., 1941, 68, 2024) for the 
preparation of 2 : 3-dimethylindole from o-acetamidoethylbenzene. The product proved to be 
identical with the substance, m. p. 74°, obtained by the reactions already mentioned. Voswinkel 
(Ber., 1889, 22, 315) claims to have prepared 2-acetamido-1 : 4-diethylbenzene from the 
corresponding amine, obtained from 2-nitro-1 : 4-diethylbenzene, but the m. p. is given as 99° 
and the substance was not analysed. The conditions described in the experimental section for 
the nitration of p-diethylbenzene were found to be more satisfactory than those mentioned by 
Voswinkel, which led to a considerable quantity of a dinitro-compound, as was evident from the 
fact that a bisacetamido-1 : 4-diethylbenzene could be prepared from the basic material obtained 
by reduction of the product. 

Koelsch (J. Amer. Chem. Soc., 1944, 66, 1983) has found that 6-bromo-1l-acetyl-2 : 3-di- 
phenylindole can be oxidised to 5-bromo-2-benzoyl-N-acetylbenzanilide (IV) by chromic acid in 
acetic acid solution. When 1: 6-diacetyl-2 : 3-dimethylindole was treated in this way, 


7) C0-CeHs / CO-CH, ‘4 -—FMe-NO, 
Bry / NAcBz CHy CO. /NHAc die g Me-OH 
’ Cc 
(IV.) (V.) (VI.) 


2 : 5-diacetylacetanilide (V) was isolated, evidently after removal of one of the N-acetyl groups 
from the analogous primary oxidation product. It was also found that o-acetamidoacetophenone 
could be similarly obtained from l-acetyl-2 : 3-dimethylindole. Nitration of 1 : 6-diacetyl- 
2 : 3-dimethylindole has given a nitro-derivative together with 3-nitro-2-hydroxy-1 : 6-diacetyl- 
2 : 3-dimethylindoline (V1). The latter, which was colourless, soluble in alkali, and melted with 
evolution of oxides of nitrogen, had the behaviour characteristic of this type of compound, the 
formation of which is a well-established feature of the l-acyl-2 : 3-dialkylindoles (see, e.g., J., 
1933, 955; 1940, 283). 

3-Acetylcarbazole can be readily prepared by heating 9-acetylcarbazole with aluminium 
chloride in nitrobenzene (Plant, Rogers, and Williams, Joc. cit.). Attempts to obtain 
5-acetyl-2 : 3-dimethylindole similarly from the l-acetyl compound have given an unsatisfactory 
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product, from which a little 6-acetyl-2 : 3-dimethylindole was the only pure material isolated. 
This behaviour is reminiscent of that observed with 9-acetyltetrahydrocarbazole (Plant and 
Rogers, Joc. cit.). 


EXPERIMENTAL. 


1 : 6-Diacetyl-2 : 3-dimethylindole—Aluminium chloride (25 g.) was added to l-acetyl-2 : 3-dimethyl- 
indole (9-4 g.) and acetyl bromide (17 g.) in carbon disulphide (120 c.c.), the whole refluxed for 2} hours, 
the solvent distilled off, and the residue added to ice—-dilute hydrochloric acid. When the product was 
crystallised from alcohol, 1 : 6-diacetyl-2 : 3-dimethylindole (8-5 g.) was obtained in colourless prisms, 
m. p. 116° (Found: C, 73-2; H, 6-5. Calc. for C,,H,,O,N: C, 73-4; H, 65%). The same substance 
resulted from the use of a restricted amount (6-4 g.) of acetyl chloride instead of acetyl bromide. When 
the material obtained by concentrating the alcoholic mother liquors was recrystallised from 
light petroleum, a triacetyl-2 : 3-dimethylindole separated in colourless needles, m. p. 117° (Found: C, 
70-8; H, 6-3. C, .H,,0O,N requires C, 70-8; H, 6-3%). 

The same triacetyl compound (mixed m. p.) was obtained in good yield when a mixture of 
1 : 6-diacetyl-2 : 3-dimethylindole (1-15 g.), acetyl chloride (0-5 g.), aluminium chloride (2-5 g.), and 
carbon disulphide (15 c.c.) was refluxed for 2 hours, and the product crystallised from alcohol. 

1-Benzoyl-6-acetyl-2 : 3-dimethylindole.—When 1-benzoyl-2 : 3-dimethylindole (5 g.) was treated with 
acetyl chloride (2-4 g.) and aluminium chloride (8 g.) in carbon disulphide (50 c.c.) as described for the 
corresponding acetyl compound, and the product crystallised from alcohol, 1-benzoyl-6-acetyl-2 : 3- 
dimethylindole was obtained in colourless needles (4 g.), m. p. 117° (Found: C, 78-0; H, 5-9. C,,H,,O,N 
——— C, 78:3; H, 58%). After its solution in aqueous-alcoholic potassium hydroxide had been 
refluxed for 2 hours, the addition of water precipitated 6-acetyl-2 : 3-dimethylindole. This separated 
from aqueous alcohol in yellow prisms, m. p. 154° (Found: N, 7-3. Calc. for C,,H,,ON: N, 7-5%), 
identical (mixed m. p.) with the substance similarly obtained from 1 : 6-diacetyl-2 : 3-dimethylindole. 

2 : 3-Dimethyl-5-ethylindole.—After p-ethylphenylhydrazine (2-89 g.) and methyl ethyl ketone (1-54 g.) 
had been warmed for a few minutes on the steam-bath, the resulting hydrazone was taken up in 
ether, the solution dried (K,CO,), and evaporated. The residue was heated with powdered zinc chloride 
(2 g.) at 180° for 5 minutes, and the product extracted with boiling light petroleum. 2 : 3-Dimethyl-5- 
ethylindole separated from the extract in colourless plates, m. p. 62° (Found : C, 82-9; H, 89. C,,H,,N 
requires C, 83-2; H, 8-7%). 

2 : 3-Dimethyl-6-ethylindole.—(a) 6-Acetyl-2 : 3-dimethylindole (4-7 g.) and concentrated hydrochloric 
acid (30 c.c.) were added to amalgamated granulated zinc (50 g.), the mixture shaken, and left overnight. 
After the addition of more hydrochloric acid (100 c.c. of 28%), the whole was refluxed for 12 hours, made 
alkaline with concentrated aqueous sodium hydroxide, and steam distilled. When the distillate was 
extracted with ether, and the extract dried and fractionated, 2 : 3-dimethyl-6-ethylindoline (2-2 g.) was 
obtained as a colourless oil, b. p. 133°/13 mm. (Found: C, 82-7; H, 10-4. C,,H,,N requires C, 82-3; 
H, 9-7%).. The base (1 g.) was heated with palladised charcoal (0-25 g.) for 4 hours at 260° in an 
atmosphere of hydrogen, the product dissolved in acetone, the solution filtered and poured into dilute 
hydrochloric acid. e precipitated solid was crystallised from aqueous alcohol, from which 
2 : 3-dimethyl-6-ethylindole separated in colourless plates, m. p. 74°, which soon turned brown when left 
in air (Found : C, 82-7; H, 8-6%). 

(b) p-Diethylbenzene (20 §} was gradually added to a well stirred mixture of glacial acetic acid (40 
c.c.) and nitric acid (43 c.c., d 1-5) at 10—15°, the whole diluted with water, and the product extracted 
with chloroform.. After the extract had been washed with aqueous sodium carbonate, dried, and the 
solvent removed, 2-nitro-1 : 4-diethylbenzene (17-4 g.) was obtained, on distillation, as a yellow oil, 
b. p. 1837—140°/12 mm. with some decomposition. The oil (16-5 g.) was heated on the steam-bath for an 
hour with iron filings (65 g.) and aqueous acetic acid (70 c.c. of 5%), the mixture made alkaline with 
aqueous sodium carbonate, and the base removed in steam. When extracted from the distillate with 
ether, dried, and distilled, 2-amino-1l : 4-diethylbenzene (12-5 g.) was obtained as a colourless oil, b. p. 
122°/13 mm. The amine was suspended in three times its volume of water, treated with a slight excess 
of acetic anhydride, the mixture boiled, and sufficient glacial acetic acid added to effect solution. On 
cooling, 2-acetamido-1 : 4-diethylbenzene separated in good yield in colourless needles, m. p. 154° (Found : 
C, 75:3; H, 8-8; N, 7-5. C,,H,,ON requires C, 75-4; H, 8-9; N, 7:°3%). The acetyl compound (3 g.) 
was added to a solution of potassium (0-91 g.) in ¢ert.-butyl alcohol (19 g.), the excess of the alcohol 
distilled off, and the residue heated at 350—360° for 20 minutes in an atmosphere of nitrogen. When 
cold, the mixture was treated with water, and the 2 : 3-dimethyl-6-ethylindole removed in steam. It 
then separated from aqueous alcohol in colourless plates, m. p. 74°, identical (mixed m. p.) with the 
substance described above. 

After p-diethylbenzene (10 g.) had been nitrated by adding it to nitric acid (20 c.c., d 1-5) at 0° as 
described by Voswinkel (/oc. cit.), and the crude product, without distillation, reduced as described above, 
the 2-amino-1 : 4-diethylbenzene was removed in steam and the residual hot aqueous solution filtered. 
The solid was washed several times with hot water and the united filtrates saturated with salt and 
extracted with benzene. The extract was dried, acetic anhydride (10 c.c.) added, and the whole refluxed 
fora few minutes. When cold, the bulky precipitate was collected and recrystallised from cyclohexanone, 
from which a bisacetamido-1 : 4-diethylbenzene (2-2 g.) was obtained in pale yellow prisms, m. p. 253—256° 

(Found : C, 67-6; H,7-9; N,11-4. C,,H,,O,N, requires C, 67-7; H, 8-1; N, 11-3%). 

1-Phenylcarbamyl-2 : 3-dimethyl-6-ethylindoline.—After a mixture of the indoline with a little less than 
one molecular ne mt of phenyl isocyanate had been heated on the steam-bath for a few minutes, the 
solid was i from alcohol, and 1-) lcarbamyl-2 : 3-dimethyl-6-ethylindoline obtained in 
NT O5%). needles, m. p. 218° (Found: C, 77-1; H, 7-5; N, 9-5. C,gH,,ON, requires C, 77-5; H, 7-5; 

, 9-5 ‘o}+ 

2 : 5-Diacetylacetanilide.—Chromic anhydride (2-7 g.) in a little water was added to a solution of 

1 : 6-diacetyl-2 : 3-dimethylindole (3-8 g.) in glacial acetic acid (80 c.c.), the whole left for 2 hours at 
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room temperature, and then heated for 5 minutes at 70°. After the addition of water (300 c.c.), the 
filtered solution was extracted with benzene, and the extract shaken with aqueous sodium carbonate, 
dried (MgSO,), and evaporated under reduced pressure. When the residue was crystallised from alcohol, 
2 : 5-diacetylacetanilide (1-45 g.) was obtained in yellow needles, m. p. 103° (Found: C, 65-9; H, 6-2; 
N, 6-4. C,,H,,0,N requires C, 65-8; H, 5-9; N, 6-4%). 

After l-acetyl-2 : 3-dimethylindole (3-7 g.) had been similarly oxidised and the product twice 
crystallised from water, o-acetamidoacetophenone was obtained in pale yellow needles (1-25 g.), m. p. 75° 
(Found : C, 67-7; H, 6-1; N,83. Calc. forC,,H,,0,N : C, 67-8; H, 6-2; N, 7-9%). 

Nitration of 1 : 6-Diacetyl-2 : 3-dimethylindole.—Nitric acid (0-3 c.c., d 1:5) was added dropwise to a 
solution of 1 : 6-diacetyl-2 : 3-dimethylindole (1 g.) in glacial acetic acid (3 c.c.) at 80°. On cooling, a 
nitro-derivative (0-2 g.) slowly separated, and, after recrystallisation from acetic acid, it was obtained in 
practically colourless needles, m. p. 185° (Found: C, 60-9; H, 5-0; N, 10-6. C,,H,,O,N, requires C, 
61-3; H, 5-1; N, 10:2%). When the mother liquor was concentrated under reduced pressure, a small 
amount of 3-nitro-2-hydroxy-1 : 6-diacetyl-2 : 3-dimethylindoline separated. On recrystallisation from 
acetic acid it was isolated in colourless prisms, m. p. 125° (decomp.) (Found: N, 9-8. C,,H,,0O;N, 
requires N, 9-6%). 

Action of Aluminium Chloride on 1-Acetyl-2 : 3-dimethylindole—After a solution of the acetyl 
compound (2 g.) and aluminium chloride (2 g.) in nitrobenzene (20 c.c.) hadbeen heated at 115° for 20 
minutes, water was added, and the nitrobenzene removed in steam. When the residual sticky solid was 
dried, distilled under reduced pressure, and twice recrystallised from alcohol, a small amount of 
6-acetyl-2 : 3-dimethylindole was obtained in yellow prisms, m. p. 151—153°, and identified by 
mixed m. p. 
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326. The Stereochemistry of Organic Derivatives of Phosphorus. Part II. 
The Synthesis of 2: 2-Disubstituted 1:2: 3: 4-T'etrahydroisophos- 
phinolinium Salts and the Optical Resolution of 2-Phenyl-2-p-hydroxy- 
phenyl-1 : 2: 3: 4-tetrahydroisophosphinolinium Bromide. 

By FrepeErRiIcK G. HoLuiman and FREDERICK G. MANN. 


Numerous attempts to synthesise the tetrahydroisophosphinoline ring system by the use of 
o-2-bromoethylbenzyl bromide (cf. Holliman and Mann, J., 1942, 737; 1943, 547, 550) and by 
other methods a a general synthesis for 2: 2-diaryl-1 : 2: 3 : 4-tetrahydroiso- 
phosphinolinium salts been developed and applied to the preparation of 2-phenyl-2-p-bromo- 
phenyl- and gps gk ee peo :2:3:4-tetrahydroisophosphinolinium bromides. 
Whilst the former salt resisted all attempts at resolution into optically active forms, the 
dextrorotatory form of the latter, having [M]p + 32-9°, was isolated on one occasion: the 
corresponding levorotatory form could not be obtained nor could the successful resolution 
be repeated, these failures being attributed to the formation of partial racemates. This 


represents the first recorded example of an asymmetric quaternary phosphonium salt showing 
optical activity. 


THE ready resolution of 2-phenyl-2-p-chlorophenacyl-1 : 2 : 3 : 4-tetrahydroisoarsinolinium 
bromide (I) and the high optical stability of the isomers obtained (Holliman and Mann, J., 1943, 
550), in contrast to the fleeting rotation displayed by other optically active arsonium salts 
(Burrows and Turner, J., 1921, 19, 426; Kamai, Ber., 1933, 66, 1779; J. Gen. Chem. Russia, 
1934, 4, 184), was attributed to the great chemical stability of the above heterocyclic ring system 
and the consequent inability for racemisation to proceed by a dissociation equilibrium : 


fabcdAs}]I — > abcAs + dl. 


It was pointed out that such an equilibrium was almost certainly responsible for the many 
previous unsuccessful attempts to resolve quaternary arsonium salts, particularly since these salts 
always contained at least one alkyl group which would lend itself very readily to the above 
dissociation. 

It would seem that similar arguments could be put forward to explain the lack of success 
attending some of the many attempts to resolve quaternary phosphonium salts [e.g., Pope 
and Gibson (J., 1912, 101, 735) failed to resolve phenyl-p-tolylbenzylmethylphosphonium 
iodide, Wedekind (Ber., 1912, 45, 2933) failed with phenyl-p-tolylmethylethylphosphonium 
iodide, and Meisenheimer e¢ al. (Annalen, 1926, 449, 213) had no success with phenylbenzyl- 
methylethylphosphonium iodide] but in the majority of cases, investigators have been 
handicapped by the inherent difficulties involved in the crystallisation of phosphonium salts 
with optically active anions (Michaelis, Annalen, 1901, 315, 43; Pope and Gibson, Joc. cit.; 
Wedekind, Joc. cit.; Radcliffe and Brindley, J]. Soc. Chem. Ind., 1923, 42, 64; Kamai, J. Gen. 
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Chem. Russia, 1932, 2, 526; Davies and Mann, J., 1944, 276). On the other hand, evidence 
has been produced that phosphonium salts do not undergo dissociation in solution as postulated 
above (Wedekind, Joc. cit., but cf. Davies and Lewis, J., 1934, 1600) and it may be that when 
crystalline salts have been obtained, they have been in the form of partial racemates: if sucha 
form is less soluble than either of the two diastereoisomerides, resolution is obviously impossible. 

As a sequel to the successful resolution of the asymmetric arsonium salt (I) it seemed highly 
probable that, could the analogous phosphorus compound, 2-phenyl-2-p-chlorophenacyl- 
1: 2:3: 4-tetrahydroisophosphinolinium bromide (II), be ar it would be possible to 


nl 
C,H, Br- » pie Br- 
CH,” iiss <cH,-CO-C,H,Cl 


(I.) “J ) 

resolve it into optically active forms: crystallisation difficulties would be overcome since 
derivatives of (II) would probably be isomorphous with corresponding derivatives of (I), and in 
addition a dissociation equilibrium would be unlikely to operate. 

The application of similar methods for the synthesis of (II) to those employed for the arsenic 
analogue (I) gave only poor yields in the first stage (i.e., the Michaelis reaction between 
o-2-bromoethylbenzyl bromide, Rg ee BG and sodium in an ethereal medium 
with ethyl acetate as a catalyst to give 2-phenyl-1 : 2:3: 4- -tetrahydrotsophosphinoline) as has 
already been reported (Holliman and Mann, /., 1048, 548) and subsequent attempts to improve 
the yields by varying the solvent, the proportions of the reactants, and the catalyst all met with 
no success. The reasons for this failure are not difficult to formulate. The Michaelis reaction 
is known to proceed much more slowly in the case of phosphorus halides than with those of 
arsenic : for example, bromobenzene, phosphorus trichloride, and sodium in ether require 48 
hours’ refluxing to obtain a small yield of triphenylphosphine (Michaelis and Gleichman, Ber., 
1882, 15, 801) whilst the analogous reaction with arsenic trichloride proceeds vigorously and is 
complete in a short time to give high yields of triphenylarsine (Michaelis and Reese, ibid., 
p. 2876). Ontheother hand, the rate of quaternary phosphonium salt formation by the interaction 
of tertiary phosphines with alkyl halides is many times more rapid than the similar formation of 
quaternary arsonium salts: the reaction between phenyldiethylphosphine and ethyl iodide in 
acetone is more than 90% complete after 60 hours, whilst the corresponding reaction with the 
arsenic analogue is only 20% complete in the same time (Davies and Lewis, loc. cit.). Hence, as 
fast as the phenylisophosphinoline is formed, phosphonium salt formation takes place with the 
unreacted o-2-bromoethylbenzyl bromide. In another investigation, it was apparent that 
p-tolyldichloroarsine took part in the Michaelis reaction with greater ease than did 
phenyldichloroarsine. Consequently, the reaction of /-tolyldichlorophosphine with 
o-2-bromoethylbenzyl bromide and sodium was investigated in the hope that the rate of 
phosphine formation would be markedly increased relative to the rate of subsequent 
phosphonium salt formation, and that a possibly small but workable yield of 2-p-tolyl-1 : 2: 3: 4- 
tetrahydroisophosphinoline would result. This, however, proved not to be the case, only a 
small amount of distillate being obtained. The latter did in fact appear to be the required 
tertiary phosphine since it reacted in benzene solution with p-chlorophenacyl bromide to give the 
crystalline 2-p-tolyl-2-p-chlorophenacyl-1 : 2: 3: 4-tetrahydroisophosphinolinium bromide (as II), 
but the yield was too small to justify prolonged experimental work to accumulate sufficient of 
the phosphonium salt for resolution purposes. 

Attention was now directed to a fuller investigation of the conditions under which 
o-2-bromoethylbenzyl bromide would react with magnesium with a view to the use of the 
di-Grignard reagent from the dibromide for the synthesis of tetrahydroisophosphinolines. 
Employing the entrainment method, i.e., admixture of the dibromide with ethyl bromide, it was 
found that reaction with magnesium would take place. Treatment of the reagent so produced 


A Aue 00H H,-CH, € >-cH, CH, 
H, H, 
H,°CO,H H,°CO,H H, H, 
O,H O,H 
(III.) (IV.) (V.) 


with carbon dioxide was used as a diagnostic method for the presence of the required Grignard 
reagent, it being anticipated that §-o-carboxymethylphenylpropionic acid (III) would be 
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obtained. However, the alkali-soluble fraction of the reaction product was a mixture from 
which were isolated o-ethylphenylacetic acid (IV) and a compound, C,,H,,0O,, which was 
probably either (V) or an isomer thereof. The isolation of these two acids would indicate 
that the di-Grignard reagent had, in fact, been produced; it then underwent coupling 
reactions and subsequent reaction with carbon dioxide to give acids of the type (V), or only 
partly reacted with carbon dioxide to give (IV). Obviously, it is only the yield of (III) 
and (IV) which is the measure of the degree to which this type of reaction could be employed 
in the synthesis of tetrahydroisophosphinolines, and the low yield actually obtained caused this 
method to be abandoned in favour of other syntheses, which, at the time, showed greater 
promise of success. 

The impracticability of synthesising the phenylisophosphinoline necessary for the preparation 
of the phosphorus analogue of our arsonium salt led us to consider possible routes for the 
synthesis of a somewhat different type of phosphinolinium salt. The stability of this type of 
heterocyclic system has already been discussed and it has been pointed out (Davies and Mann, 
loc. cit.) that a quaternary phosphonium salt with four aryl groups attached to the phosphorus 
atom would not be susceptible to a dissociation equilibrium of the type postulated above. A 
2 : 2-diaryl-1 : 2: 3: 4-tetrahydroisophosphinolinium salt of type (VI) would combine both 

these features and would probably be resolvable provided difficulties 

"\ou of crystallisation could be overcome: it was of course realised that 

L-AT p,- such a pronounced change in constitution from that of our arsinolinium 

H,/+ <av salt would no longer offer the possibility of isomorphism, and the 

(VI.) absence of the p-chlorophenacyl group, to which we have ascribed the 

high rotation characteristic of that salt and similar salts with sulphur, 

selenium, or tellurium as the hetero-atom (Holliman and Mann, J., 1945, 37), might lead to a 
very pronounced decrease in any optical activity which might be observed. 

The pyrolysis of quaternary arsonium salts carrying a methyl group leads to the elimination 
of that group as methyl halide and the formation of a tertiary arsine. With quaternary 
arsonium salts of a suitable type this reaction may be employed for the synthesis of heterocyclic 
systems. For example, Lyon and Mann (/J., 1945, 30) have used this reaction for the preparation 
of As-spiro-bisisoarsindolinium bromide (VII), Holliman and Mann (/J., 1945, 45) have 
analogously prepared the spirocyclic arsonium salt (VIII), and Lyon, Mann, and Cookson 
(this vol., p. 662) have synthesised the simpler heterocyclic system of 2-phenylisoarsindoline (IX). 


CH, CH, H, CH, 
OX e ¢ 0 Br- “fHsc, Nas—Ph 
u,/* \cu, cn/es Br B/ 


(VIL.) qvitt.) ~CHs (IX.) 


The application of this method to the synthesis of 2: 2-diaryl-1 : 2: 3 : 4-tetrahydroiso- 
phosphinolinium salts was therefore investigated. Meisenheimer e¢ al. (loc. cit.) have shown 
that the ease with which radicals are split from quaternary phosphonium chlorides is in the 
order Et> CH,Ph> Me> Pr> isoamyl> Ph. Accordingly, phenyl-p-tolylethylphosphine was 
brought into reaction with an equimolecular proportion of 0-2-bromoethylbenzyl bromide to 
give a crystalline, homogeneous quaternary phosphonium salt which was almost certainly 
phenyl-p-tolyl-o-(2-bromoethyl)benzylethylphosphonium bromide (X, R = Et) and not the isomeric 


C,H; H,-C,H,-CH,-CH,Br 
(X.) »P Br- H, 
CH,C,H/ * \R i. eo) RB 
o m + r 
C,H» HyCHyCHyCH,Br a H,/*<c,H,-CH, 
(XI) P 1 
CH,‘C,H,“+ \R 


salt (XI, R= Et). However, when this salt was heated under varying conditions, although 
extensive decomposition took place, none of the desired cyclised product could be isolated and 
examination of the volatile products evolved during the decomposition failed to show any 
ethyl bromide. Similar experiments involving the use of the corresponding methyl compounds 
(X or XI; R = Me) also proved fruitless. 

It was felt that the readiness with which tertiary phosphines form quaternary salts with 
alkyl halides could be advantageously employed for closing the tetrahydroisophosphinoline 
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ring, and ultimately the following general synthesis of 2 : 2-diaryl-tetrahydroisophosphinolinium 
salts was successfully developed. 


Br en H,CH,Cl 
. 
H,-OMe H,-OMe a OMe 


(XII.) (XIII.) (XIV.) 


A 
H,CH; Pt . CH, wee 
a ae OE 
Wn += < 
H,Br H,-OMe (XV.) 


The compounds (XII) and (XIII) are, of course, analogous to intermediates in the synthesis 
of o-2-bromoethylbenzyl bromide and were prepared by similar methods: o-bromobenzyl 
bromide when treated with a methyl-alcoholic solution of sodium methoxide gave o-bromobenzyl 
methyl ether (XII) which was in turn converted into the Grignard reagent by the entrainment 
method and then treated with ethylene oxide to give 0-2-hydroxyethylbenzyl methyl ether (XIII). 
Replacement of the hydroxyl group of the alcohol (XIII) was first attempted using phosphorus 
tribromide, but fission of the ether grouping also occurred and o-2-bromoethylbenzyl bromide 
together with isochroman were the main products of the reaction; by the use of the theoretical 
quantity of thionyl] chloride in the presence of one molecular proportion of pyridine good yields 
of 0-2-chloroethylbenzyl methyl ether (XIV) were obtained. Conversion of the chloro-compound 
into the Grignard reagent followed by treatment with a diarylchlorophosphine then gave the 

tertiary phosphine (XV).. At first, difficulty was experienced in the form- 

H,°CH,°CO,H ation of the Grignard reagent from (XIV), and again the carbon dioxide 

method was employed so that the yields of B-o-methoxymethylphenyl- 

H,OMe propionic acid (XVI) isolated gave an indication of the yields of the 

(XVI.) Grignard reagent under various conditions. By far the best reproducible 

yields were obtained by running a mixture of the chloro-compound with 

34 mol. of ethyl bromide in ethereal solution on to ordinary magnesium turnings, although 
the chloro-compound alone would react with activated magnesium. 

When the tertiary phosphine (XV) was heated in a mixture of constant-boiling hydrobromic 
acid and glacial acetic acid, the three stages, i.e., cleavage of the ether grouping, esterification, 
and ring closure, necessary to complete the synthesis were accomplished in one operation, 
giving good yields of the isophosphinolinium salt (VI) : astream of hydrogen bromide mixed with 
hydrogen was passed through the solution in order that the hydrogen bromide concentration 
should be maintained and that the methyl bromide produced in the ether cleavage should be 
removed as fast as it was formed, thus being prevented from reacting with the tertiary phosphine. 

The above synthesis was first employed to prepare 2-phenyl-2-p-bromophenyl-1 : 2: 3: 4- 
tetrahydroisophosphinolinium bromide (V1; Ar = Ph, Ar’ = ~-C,H,Br) as a crystalline solid 
which with an aqueous solution of sodium picrate gave the phosphinolinium picrate. The 
intermediate phenyl-p-bromophenyl-2-(o-methoxymethylphenyljethylphosphine (XV; Ar = Ph, 
Ar’ = ~-C,H,Br) was obtained as a colourless, viscous, high-boiling liquid which readily reacted 
with methy] iodide in ethereal solution to give the crystalline methiodide. 

For resolution, the bromide was converted by the usual method into the d-bromocamphor- 
sulphonate, the d-hydrogen tartrate and the /-N-1-phenylethylphthalamate,* but all these salts 
were non-crystalline glasses or syrups: the d-camphorsulphonate was obtained crystalline but 
repeated recrystallisation from alcoholic ether failed to produce any evidence that a mixture of 
diastereoisomerides was present. 

The introduction of a hydroxyl group into one of the two aryl groups was considered to be a 
likely means of increasing the probability that crystalline phosphonium salts with optically 
active anions would be obtained: should these derivatives not prove suitable, benzoylation 
of the hydroxyl group or some similar procedure might again increase the crystallisability. 
Accordingly, employing phenyl-p-anisylchlorophosphine in place of the phenyl-p-bromophenyl- 
chlorophosphine previously used, we were able to prepare phenyl-p-anisyl-2-(o-methoxymethyl- 
phenyljethylphosphine (KV; Ar = Ph, Ar’ = ~-C,H,*OMe), again characterised by the formation 
of the methiodide. The demethylation—ring closure procedure also resulted in the demethylation 


* For the preparation of the phthalamic acid and its conversion into the silver salt, see Mann and 
Watson, this vol., p. 510. 
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of the p-anisyl group and the crystalline 2-phenyl-2-p-hydroxyphenyl-1 : 2 : 3 : 4-tetrahydroiso- 
phosphinolinium bromide (VI; Ar = Ph, Ar’ = p-C,H,°OH) was thus readily obtained in high 
yield. That this product did in fact contain a free hydroxy] group was shown by its conversion 
into the acetyl derivative. 

The effect of the introduction of the hydroxyl group was soon apparent, as the 
d-bromocamphorsulphonate prepared from the bromide was readily obtained in the crystalline 
state. Again, however, repeated recrystallisation from a variety of solvents failed to produce 
any indication that resolution was proceeding. 

Similarly, the d-camphorsulphonate, originally obtained as a glass, readily crystallised from 
an acetone solution, and then had m. p. 153—158° and [M], + 102° in alcoholic solution. 
Slow recrystallisation from ethyl acetate—ethy] alcohol gave a first crop having m. p. 171—172°5° 
and [M]p + 110°, whilst a second and a third crop had respectively, m. p. 153—157° and 
142—151°, [M]p + 104° and + 98°4°. That the first crop was virtually the optically pure 
d-phosphonium d-camphorsulphonate was evident since three more recrystallisations of this crop 
raised the m. p. to a constant value of 174—175° and the [M]) to + 113°5°. 

An alcoholic solution of the optically pure camphorsulphonate, treated at 0° with an alcoholic 
solution of calcium bromide, furnished the d-phosphinolinium bromide, m. p. 268—270°, with 
[M]p + 32°9° in aqueous alcoholic solution: it is noteworthy that the di-phosphinolinium 
bromide had m. p. 287—287°5° and that the optically active salt was considerably more soluble 
than the racemic compound. A curious solvent effect was observed in methyl alcohol, solutions 
of the bromide in this solvent having very low activity : this was not due to racemisation, for 
the bromide recovered from such solutions had the normal activity when again dissolved in 
aqueous ethyl alcohol. The optical stability and purity of the active bromide is shown by the 
fact that recrystallisation from boiling ethyl alcohol failed to affect the rotatory power. 

The following values for the rotatory dispersion in the visible spectrum were obtained for a 
1:029% solution of the d-bromide in aqueous-alcoholic solution. The calculated rotations are 
obtained from the equation « = k/(* — 24"), where & = 0°0885 and 2,2 = 0°0948, A, = 3078 a. 


Source of light. Li. Na. Hg. Hg. Cu. Zn. Hg. 
A, Be ccesccenesessceverenevevees 6104 5893 5780 5461 5219 4810-5 4358 
Bp DOB. cocccccscccccccesecsccce +0-31° 0-36° 0-37° 0°435° 0-48° 0-64° 0-93° 
[AE] p.00-ccccccccccccccccccocces +30-05° 34-9° 35-9° 42-2° 46-5° 62-0° 90-1° 
By GBIE, ..ccccccccccccccccccccse +0-32° 0-35° 0-37° 0-435° 0-50° 0-65° 0-93° 
a, Obs. — a, Calc. .....000. —9-01° +0-01° 0-00° 0-00° —0-02° —0-01° 0-00° 


The close agreement between the observed and the calculated values indicates that the bromide 
probably possesses simple dispersion, although readings for a much greater number of 
wave-lengths would have to be obtained to establish this beyond doubt. 

In order to obtain the /-bromide, the phosphinolinium bromide was recovered from the 
second and third fractions of the d-camphorsulphonate and then converted into the 
l-camphorsulphonate. ‘This salt, like its isomer, was initially obtained as a glass which was 
crystallised from an acetone solution and then had m. p. 152—157°. When recrystallisation of 
this salt from ethyl acetate-ethyl alcohol was attempted, the hot solution rapidly began to 
deposit crystalline material and a much greater proportion of alcohol than was used in the case 
of the d-camphorsulphonate had to be employed before solution was again obtained. In this 
case, on cooling, practically the whole of the salt was recovered with m. p. 170—172° and 
[M]p — 102°: further recrystallisation failed to change either the m. p. or the rotatory power. 
The salt was much less soluble than had been anticipated for the /-phosphinolinium /-camphor- 
sulphonate and conversion into the phosphinolinium bromide gave only an optically inactive 
product, m. p. 286—288° : it therefore became apparent that the /-camphorsulphonate was now 
crystallising as a partial racemate. Numerous attempts to re-obtain the low-melting form were 
of no avail: the less soluble, high-melting form was always obtained in the presence of nuclei, 
whilst, if steps were taken to ensure that nuclei were excluded, solutions remained supersaturated 
indefinitely. Similarly, further preparations of the d-camphorsulphonate always gave a product, 
m. p. 170—172°, which, by treatment with calcium bromide, furnished the optically inactive 
bromide. Attempts to extend the resolution were therefore abandoned. 

It is noteworthy that the above 2-phenyl-2-p-hydroxyphenyl-1 : 2 : 3 : 4-tetrahydroiso- 
phosphinolinium bromide is the first quaternary phosphonium salt to be resolved into optically 
active forms. The only other types of organic phosphorus derivatives (i.e., derivatives 

‘containing C—P links) to be obtained in optically active forms are the tertiary phosphine oxides, 
such as phenylbenzylmethylphosphine oxide, resolved by Meisenheimer eé al. (Ber., 1911, 44, 














[1947] Organic Derivatives of Phosphorus. Part II. 1639 


356; Annalen, 1926, 449, 224), and the tertiary phosphine sulphide, phenyl-p-carboxymethoxy- 
phenyl-n-butylphosphine sulphide, resolved by Davies and Mann (loc. cit.). 


EXPERIMENTAL. 
(All rotations were taken by use ofa 4-dm.tube. M. p.s are uncorrected.) 


2-p-Tolyl-2-p-chlorophenacyl-1:2:3:4-tetrahydroisophosphinolinium Bromide (as I1).—o-2- 
Bromoethylbenzyl bromide (29 g.) and p-tolyldichlorophosphine (19-3 g., 1 mol.) in absolute ether (350 
c.c.) were treated with sodium wire (18 g., 8 atoms), and the mixture refluxed on the water-bath in a 
stream of dry nitrogen for 4 hours. After this time no apparent change had taken place and ethyl 
acetate (2-5 c.c.) was added to catalyse the reaction. After a further 4 hours’ refluxing, ethyl acetate 
(2-5 c.c.) was again added and the refluxing continued for 11 hours, by which time the sodium wire had 
broken up and a heavy white precipitate had collected. The mixture was filtered and the ether removed 
by distillation in an apparatus similar to that described for 2-phenyl-1 : 2 : 3 : 4-tetrahydroisoarsinoline 
(Holliman and Mann, /oc.cit.). The residual oil was distilled under reduced pressure : aftera preliminary, 
low-boiling fraction, a small amount of distillate was collected at 150—180°/0-1 mm. The latter 
possessed a pronounced phosphine-like odour and reacted with methyl iodide to give an oily product. 
When dissolved in benzene and treated with p-chlorophenacyl bromide, no precipitation took place, but 
evaporation to dryness, dissolution in alcohol, and subsequent addition of ether caused the precipitation 
of a white solid which was purified by precipitation with ether from an alcoholic solution. The 
phosphinolium bromide then had m. p. 227—230° (Found: C, 60-65; H, 5-1; Cl, 7:7; Br, 17-5. 
C,,H,,OCIBrP requires C, 60-8; H, 4:8; Cl,7-5; Br, 16-:9%. The Cl and Br were calculated from a 
total halogen estimation on the assumption that they were present in equi-atomic proportions). 

From the low-boiling distillate, unchanged >-talghitdidanegheughian, b. p. 70—80°/0-25 mm., was 
isolated, together with a fraction at 30°/0-5 mm. The latter boiled at 162° at atmospheric pressure and 
proved to be o-ethyltoluene (Found : C, 89-6; H,9-6. Calc. forC,H,,: C, 90-0; H, 10-0%). 

Reaction of 0-2-Bromoethylbenzyl Bromide with Magnesium.—Preliminary experiments showed that 
the dibromide would not react with magnesium under the usual conditions of the Grignard reaction. 
The dibromide (13-9 g.) and ethyl bromide (5-45 g., 1 mol.) were dissolved in dry ether (60 c.c.), and a 
portion (5 c.c.) of this solution was added to magnesium turnings (3-6 g., 3 atoms) under ether (20 c.c.). 
After the addition of a crystal of iodine reaction soon set in and the rest of the bromide solution was added 
so that the ether was kept gently boiling without external chilling. When the whole of the solution had 
been added, the mixture was refluxed for 6 hours in an atmosphere of nitrogen, after which time only a 
small amount of magnesium remained. The cooled mixture was poured, in small portions, on powdered 
solid carbon dioxide (100 g.) covered with dry ether (100 c.c.). After being set aside overnight the 
product was hydrolysed with dilute sulphuric acid, the ethereal layer separated, and washed with water. 
The ethereal solution was shaken with 5% sodium hydroxide solution, and the alkaline extract then 
boiled to remove ether. Acidification of the cooled solution caused precipitation of an oil which 
crystallised after 2 hours’ keeping at 0°. The solid was collected, washed with water, and dried (5-4 g.). 
Extraction of this solid with boiling petrol (b. p. 80—100°) gave an insoluble residue (6 £). m. p. 
168—185°, which after repeated crystallisation from ethyl acetate gave a white, micro-crystalline solid, 
m. p. 198—200-5° (Found: C, 72-5; H, 6-8. C,,H,.O, requires C, 73-5; H, 6-8%). Evaporation of 
the petrol filtrate left an oil (3-9 g.) which readily crystallised, and when recrystallised twice from water 
afforded colourless crystals, m. p. 84—85°, raised by another recrystallisation from petrol (b. p. 60—80°) 
to 85—86°. This compound was evidently o-ethylphenylacetic acid (Found: C, 73-0; H, 6-9. Calc. 
for C,,H,,0,: C, 73-1; H, 7-4%); Mayerand English (Amunalen, 1918, 417, 72) give m. p. 83-5°. 

Reaction of 0-2-Bromoethylbenzyl Bromide with Diarylalkylphosphines.—Pheny]-p-tolylethylphosphine 
(Wedekind, Ber., 1912, 45, 2935) in ethereal solution was treated with o-2-bromoethylbenzyl bromide 
(1 mol.) also in ethereal solution. The oily precipitate which gradually formed eventually crystallised 
and was filtered off and cautiously washed with alcohol. The phosphonium bromide (X; R = Et) melted 
at 146—148° with softening from 143° (Found: C, 56-3; H, 5-3; Br, 31-4. C,,H,,;Br,P requires C, 
56-9; H, 5-3; Br, 31-6%). The thermal decomposition of this salt gave only non-crystalline products 
from which no crystalline derivative could be prepared. 

By a similar method, the phosphonium salt (X; R = Me) was prepared from phenyl-p-tolyl- 
methylphosphine (Radcliffe and Brindley, Joc. cit.) and the dibromide. It was recrystallised from 
alcohol—ether and then melted at 185—186° (Found: C, 55-9; H, 5-2; Br, 31-9. C,;H,,Br,P requires 
C, 56-1; H, 5-1; Br, 32-5%). Again thermal decomposition under different conditions always gave 
glassy products which could neither be crystallised nor converted into crystalline derivatives. 

o-Bromobenzyl Methyl Ether (XII).—o-Bromobenzyl bromide (200 g.) was cautiously added to a 
thoroughly chilled solution of sodium (20 g., 1-08 atoms) in methyl alcohol (600 c.c.). The mixture was 

refluxed on the water-bath for a short time, and the methyl alcohol then distilled off, a current of air 
being drawn through the mixture to avoid serious bumping. Sodium bromide was dissolved from the 
residue by the addition of water (500 c.c.), and the insoluble oil extracted with ether. The aqueous 
layer was again extracted, the combined extracts washed with water, and dried (CaCl,). After removal 
of the solvent the residue was fractionated under reduced pressure : yield 145 g. (90%), b. p. 106—107°/16 
mm. (Found: C, 47-9; H,5-5; Br, 40-5. C,H,OBr requires C, 47-75; H, 4-5; Br, 30:89), 

o-2-Hydroxyethylbenzyl Methyl Ether (XIII).—The Grignard reagent from o-bromobenzyl methyl 
ether was pre by running a solution of the bromo-compound (145 g.) and ethyl bromide (26 g., 
0-33 mol.) in dry ether (300 c.c.) on to magnesium (35 g., 2-02 atoms) under ether (100 c.c.), the rate of 
addition being adjusted so that gentle refluxing was maintained whilst the mixture was vigorously 
stirred. [The magnesium used in this pre tion was activated by heating with iodine as described by 
Holliman and Mann (loc. cit.).} When the addition was complete, the mixture was refluxed on the 
water-bath for 2 hours, then chilled in an ice-salt freezing mixture, and a solution of ethylene oxide 
(100 g., 3-15 mols.) in ether (600 c.c.) slowly added during 4hours. The product was set aside overnight 
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at room temperature, and then chilled in ice-water and hydrolysed cautiously with dilute sulphuric acid 
(850 c.c., 1 vol. acid : 9 vols. water). The ethereal layer was separated, washed with water, and dried 
(Na,SO,). Removal of the solvent left an oil which was fractionated under reduced pressure yielding the 
ether (XIII), b. p. 152—154°/14 mm., as the main fraction: yield 64 g. (53%). The product was 
refractionated several times but even so gave an unsatisfactory analysis (Found: C, 74:9; H, 8-2. 
C19H,,O, requires C, 72-3; H, 84%). For characterisation a sample was therefore warmed with phenyl 
isocyanate to give 2-o-methoxymethylphenylethyl N-phenylcarbamate as an oil which crystallised on 
treatment with petrol (b. p. 60—80°). Two recrystallisations from petrol gave colourless crystals, m. p. 
64—65° (Found: 72-4; H, 6-5; N, 4-95. C,,H,,0,N requires C, 71-6; H, 6-7; N, 49%). As in the 
synthesis of the corresponding ethyl ether (Holliman and Mann, Joc. cit.),a forerun of 2-bromoethy] alcohol 
was also obtained. 

0-2-Chloroethylbenzyl Methyl Ether (XIV).—A solution of 0-2-hydroxyethylbenzyl methyl ether (182 
g.) and dry pyridine (87 g., 1 mol.) in chloroform (220 c.c.) was vigorously stirred and chilled in ice-water 
whilst thionyl chloride (131 g., 1 mol.) was slowly added during 2 hours. The mixture was then 
transferred to the water-bath and refluxed with vigorous stirring for 2-5 hours; during the initial stages 
of this process the mixture became cloudy, an oil separated, and sulphur dioxide was evolved, but after 
1-5 hours a clear solution had again been produced. After chilling, the chloroform solution was 
repeatedly washed with water, then with a 1% solution of sodium hydroxide, and finally with water 
before drying over calcium chloride. The solvent was removed by distillation at atmospheric pressure, 
and the residue then fractionated under reduced pressure, the fraction, b. p. 131°/14 mm., being collected 
(146 g., 72%). Upon refractionation the pure 0-2-chloroethylbenzyl methyl ether was obtained, b. p. 
131°/14mm. (Found : C, 65-0; H, 7-5. C, 9H,,OCI requires C, 65-05; H, 7-0%). 

Reaction of o-2-Chloroethylbenzyl Methyl Ether with Magnesium.—o-2-Chloroethylbenzyl methyl ether 
(9-2 g.) and ethyl bromide (2-72 g., 0-5 mol.) in dry ether (40 c.c.) were slowly added to magnesium 
turnings (1-8 g., 1-5 atoms). The reaction was started by gentle warming and then proceeded vigorously 
whilst the bromide solution was slowly added. After the addition was complete, the mixture was 
refluxed during 2 hours. The cooled solution was carefully poured on powdered solid carbon dioxide 
(80 g.) under ether (40 c.c.). The mixture was allowed to attain room temperature, treated with a 
further quantity of solid carbon dioxide (40 g.), and then set aside during 24 hours. Hydrolysis was 
performed at 0° with dilute sulphuric acid (100 c.c., 1 vol. acid : 9 vols. water), the ethereal layer 
separated, washed with water, and extracted with 5% sodium hydroxide solution (100 c.c.). The 
alkaline filtrate was evaporated to about half bulk, boiled with charcoal, and filtered. Acidification of 
the chilled filtrate gave a white precipitate which was collected on the filter, washed with water, and 
dried: yield 5-6 g. (58%) of the practically pure B-o-methoxymethylphenylpropionic acid, m. p. 76—78°. 
Recrystallisation from petrol gave colourless crystals, m. p. 77—78° (Found: C, 68-35; H, 6-95. 
C,,H,,O; requires C, 68-0; H, 7-2%). 

Phenyl-p-bromophenyl-2-(o-methoxymethylphenyl)ethylphosphine (as XV).—The Grignard reagent was 
prepared from o-2-chloroethylbenzyl methyl ether (9-2 g.), ethyl bromide (2-72 g., 0-5 mol.) in ether (40 
c.c.), and magnesium turnings (1-8 g., 1-5 atoms) as described above. With a stream of dry nitrogen 
passing through the apparatus, the mixture was refluxed for 2-5 hours and then chilled in ice-water, 
whilst, with vigorous stirring, a solution of phenyl-p-bromophenylchlorophosphine (16-5 g., 1-1 mols.) 
(Davies and Mann, J., 1944, 279) in dry ether (60 c.c.) was slowly added during 20 minutes. After refluxing 
for 3 hours the mixture was set aside overnight with a stream of nitrogen passing through the apparatus to 
minimise atmospheric oxidation. The mixture was chilled and vigorously stirred whilst being hydrolysed 
by addition of a solution of ammonium chloride (25 g.) in water (100 c.c.). The nitrogen was now 
replaced by carbon dioxide and, using a suitable apparatus, the contents of the reaction flask were forced 
over by gas pressure, through a sintered-glass funnel into a separating funnel from which the air had 
been displaced by the passage of carbon dioxide. ‘The aqueous layer was run off, and the ethereal layer 
washed with water and then dried (Na,SO,) in an inert atmosphere. The solution, filtered from the 
drying agent in carbon dioxide, was distilled from the water-bath in a stream of nitrogen. When all the 
ether had been removed, the residue was fractionated under reduced pressure, the fractions, b. p. 
130—160°/0-1—0-2 mm. and 200—230°/0-1—0-2 mm.., being collected. The former was a colourless oil, 
presumably phenyl-p-bromophenylethylphosphine (3-1 g., representing 42-5% of the theoretical based 
on the ethyl bromide used). The high-boiling fraction was a viscous, green, highly refractive oil which 
upon redistillation gave the pure phenyl-p-bromophenyl-2-(o-methoxymethylphenyl)ethylphosphine as a 
viscous, almost colourless oil, b. p. 214—216°/0-1 mm. (Found: C, 63-1; H, 55; Br, 18-65. 
C,,H,,OBrP requires C, 63-9; H, 5-4; Br, 19-3%) : yield, 12 g., 59%. 

Methiodide. An ethereal solution of the tertiary phosphine, treated with methyl iodide, rapidly 
deposited a colourless, sticky semi-solid. The solvent was decanted off, and the gum dissolved in 
alcohol, ether then heing added until a slight cloudiness was produced. On standing for some days, 
a colourless crystalline precipitate collected; this was filtered off and recrystallised from alcohol, two 
recrystallisations sufficing to give the pure methiodide as colourless crystals, m. p. 167—168° (Found : 
C, 49-6; H, 4:8; Br, 14-2; I, 22-5. C,,H,,OBrIP requires C, 49-7; H, 4-5; Br, 14-4; I, 229%. The 
Br and I were calculated from a total halogen estimation, it being assumed they were present in 
equi-atomic proportion). 

2-Phenyl-2-p-bromophenyl-1 : 2: 3 : 4-tetrahydroisophosphinolinium Bromide (as V1).—A stream of 
anhydrous hydrogen bromide was generated by passing a mixture of bromine vapour with excess of 
hydrogen through a heated combustion tube and completely freed from free bromine by passage over 
metallic copper. This gas stream was passed through a solution of phenyl-p-bromophenyl-2-(0- 
methoxymethylphenyl)ethylphosphine (6-7 g.) in glacial acetic acid (275 c.c.) and constant-boilin 
hydrobromic acid (275 c.c.) maintained at 120° in an oil-bath. After 2 hours the acetic acid an 
hydrobromic acid were distilled off in a vacuum, leaving a brown viscous mass. The latter was dissolved 
in alcohol (25 c.c.) and again evaporated to dryness under reduced pressure, finally — dried in a 
vacuum over concentrated sulphuric acid and sodium hydroxide. The gum failed to crystallise and was 


therefore dissolved in alcohol (100 c.c.), boiled with charcoal, and filtered. The filtrate was concentrated 
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(40 c.c.), and chilling in ice-water then gave a crystalline precipitate which was collected, washed with 
alcohol, and dried: m. p. 125—130°. Recrystallisation from ethyl alcoholic ethyl acetate gave 
colourless crystals of the pure bromide, m. p. 137—149° to a viscous cloudy liquid which resolidified and 
melted at 218—221°, this behaviour persisting in spite of repeated recrystallisation (Found: C, 54:3; 
H, 4:3; Br, 35-4. C,,H,,Br,P requires C, 54-55; H, 4:1; Br, 346%). A sample was heated in an 
oil-bath to the lower m. p. and the heating continued until solidification set in: analysis then indicated 
that no significant change had taken place (Found: C, 53-6; H, 4-21; Br, 35-7%). 

A hot aqueous solution of the phosphonium bromide, treated with an aqueous solution of sodium 
nay gave an emulsion from which a crystalline precipitate was readily obtained. Recrystallisation 

rom alcohol gave the pure picrate as glistening, elongated, yellow plates, m. p. 186—187° (Found: C, 
53-3; H, 3-4; N,6-9. C,,H,,0,N,BrP requires C, 53-1; H, 3-4; N, 69%). 

Conversion of the phosphonium bromide into the d-bromocamphorsulphonate, the d-hydrogen 
tartrate, the/-N-1-phenylethylphthalamate and the d-camphorsulphonate was accomplished by the usual 
method employing the silver salt of the appropriate acid. Of these phosphonium salts only 2-phenyl-2-p- 
bromophenyl-1 : 2 : 3: 4-tetrahydroisophosphinolinium d-camphorsulphonate was obtained crystalline, m. p. 
206—212° (Found: C, 60-1; H, 5-8. C, H,,0,BrSP requires C, 60-6; H, 5-6%). A 0-326% solution 
in ethyl alcohol had a} = + 0-21°, cM) = + 98-7°; the m. p. and rotation underwent no significant 
change upon recrystallisation of the salt from ethyl-alcoholic ether. 

Phenyl-p-anisyl-2-(o-methoxymethylphenyl)ethylphosphine (as XV).—This phosphine was prepared in 
a precisely similar manner to that described for its p-bromophenyl analogue described above, 
phenyl-p-anisylchlorophosphine (13-9 g., 1-1 mols.), prepared according to the method of Davies and 
Mann (J., 1944, 281), being used in place of the phenyl-p-bromophenylchlorophosphine. After the 
small preliminary fraction of phenyl-p-anisylethylphosphine, the required phosphine was collected at 
215—225°/0-1 mm. Refractionation gave the pure phosphine, b. p. 208°/0-05 mm. (Found: C, 76-1; 
H, 7-2. C,,H,,O,P requires C, 75-75; H, 6-9%) : yield, 11-8 g., 65%. 

In ethereal solution, the phosphine rapidly combined with methyl iodide at room temperature, the 
methiodide being precipitated as a gummy mass. The supernatant ethereal solution was decanted off, 
and the residue recrystallised from alcohol to give the pure salt as colourless crystals, m. p. 120-5—121° 
(Found : C, 57-1; H, 5-4; 1, 25-9. C,,H,,O0,IP requires C, 56-9; H, 5-6; I, 25-1%). 

2-Phenyl-2-p-hydroxyphenyl-1 : 2: 3 : 4-tetrahydroisophosphinolinium Bromide (as V1).—Demethyl- 
ation, bromination, and ring closure of phenyl-p-anisyl-2-(0o-methoxymethylphenyl)ethylphosphine was 
carried out in glacial acetic acid—hydrobromic acid mixture as described in the preparation of the 
2-phenyl-2-p-bromophenyl analogue; in this case, however, the heating at 120° was for 5 hours. 

Removal of the glacial acetic and hydrobromic acids under reduced pressure left a crystalline solid which 
was treated with a small amount of alcohol, filtered off, and washed with ether: m. p. 285—286°. 
Recrystallisation from methyl alcohol gave colourless crystals, m. p. 287—287-5°, of the pure 
2-phenyl-2-p-hydroxyphenyl-1:2:3: eee tata a one bromide, demethylation of the 
p-anisyl group also having taken place (Found: C, 63-4; H, 5-2; Br, 21-0. C,,H,,OBrP requires C, 
63-15; H, 51, Br, 200%): yield 75%. 

A solution of the phosphonium bromide (0-5 g.) in pyridine (8 c.c.) was treated with acetic anhydride 
(2 c.c.) and the mixture refluxed for l hour. The hot solution was filtered from the slight amount of 
solid which had separated, and the filtrate on cooling gave a crystalline precipitate, which was collected 
and washed with pyridine followed by ether. - The acetyl de1ivative was much more soluble in alcohol 
than the original phosphonium bromide, and recry: isation was accomplished from alcoholic ethyl 
acetate; the colourless crystals obtained, m. p. 100—103°, were deliquescent when exposed to the air, 
after 48 hours the m. p. having fallen to ca. 50°. The twice recrystallised 2-phenyl-2-p-acetoxyphenyl- 
1:2: 3: 4-tetrahydroisophosphinolinium bromide was dried by heating at 80°/1 mm. for 3 hours before 
analysis (Found : C, 62-2; H, 5-6; Br, 17-2. C,,;H,,O,BrP requires C, 62-6; H, 5-0; Br, 18-1%). 

dl-2-Phenyl-2-p-hydroxyphenyl-1 : 2 : 3 : 4-tetrahydroisophosphinolinium d-Bromocamphorsulphonate.— 
A methyl-alcoholic solution of the bromide was mixed with a similar solution of silver d-bromocamphor- 
sulphonate (1 mol.). After boiling for a few minutes, the solution was filtered from the precipitated 
silver bromide and evaporated to dryness in a vacuum at room temperature. The residual oil was 
gently warmed with benzene, scratching then readily inducing crystallisation: the m. p. of the 
unrecrystallised material was 137—147° with softening from 130°, and a 1-015% ethyl-alcoholic solution 
had al” + 1-94°, [M]i#* + 300°. Two recrystallisations from ethyl alcohol—ethyl acetate raised the 
m. p. to 145—152° but no change in rotatory power was observed : for a 1-008% ethyl-alcoholic solution, 
aif” + 1-92°, [(M]i* + 300° (Found: C, 58-7; H, 6-0; Br, 13-5. C,,H,,O,SBrP requires C, 59-1; H, 
5-5; Br, 12-7%). 

The salt was next recrystallised repeatedly from isopropyl alcohol. After five such recrystallisations 
the m. p. was 116—125° in spite of intensive drying at 80°/0-1 mm. Since a 1-030% ethyl-alcoholic 
solution had al” + 2-00°, [M]}*° + 305°, it was considered that resolution was not proceeding. 

Repeated recrystallisation from acetone gave a sample which consistently melted at 135—140° with” 
previous softening. After four recrystallisations the salt in 1-080% ethyl-alcoholic solution had aff 
+ 2-005°, [M}}*" + 313°. The phosphonium bromide was precipitated from an ethyl-alcoholic solution 
of this sample of the d-bromocamphorsulphonate by treatment with an alcoholic solution of sodium 
bromide at 0°. A methyl-alcoholic solution (0-362%), however, showed no optical activity. 

The d-camphorsulphonate was prepared by a similar method from silver d-camphorsulphonate. The 
gum remaining after the removal of the solvents was thoroughly freed from methy] alcohol by evacuation 
at 0-1 mm. for a prolonged period and then dissolved in acetone. After boiling with charcoal the 
filtered solution was set aside at 0°. After several days practically the whole of the solute had separated 
as a microcrystalline powder insoluble in hot acetone. This salt was apparently the (pe came 
d-camphorsulphonate, m. p. 153—158° (Found: C, 67-0; H, 6-3; S, 5-8. C,,H,,0,SP requires C, 
67-6; H, 6-4; S, 58%). 26 G. of the phosphonium bromide gave 27 g. (representing 75% of the 
theoretical) of this salt after the above process of isolation, and a 0-991% ethyl-alcoholic solution had 
al + 074°, (M)i + 102°. It was far too soluble in methyl, ethyl, or n-propyl alcohol for 
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recrystallisation, and the use of sec.-butyl alcohol failed to change either the m. p. or the rotatory power. 
The salt (25 g.) was boiled with ethyl acetate (150 c.c.), in which it was insoluble, and alcohol carefully 
added until complete solution was obtained (41-5 c.c. required) : after boiling with charcoal and filtering, 
the solution was set aside for a few days, whereupon clusters of needles began to separate. Crystallisation 
was allowed to proceed at 2° for three days, and the salt was then collected and washed, first with ethyl 
acetate-ethyl alcohol (4: 1) and then with ethyl acetate: 6-4 g. of colourless needles, m. p. 171—172-5°, 
were obtained, and a 0-985% solution in alcohol had a}§* + 0-79°, [M}}®° + 110°. The mother-liquor 
upon dilution with ethyl acetate (50 c.c.) gave a second crop (5-3 g.), m. p. 153—157°, a 0-990% alcoholic 
solution having a}f + 0-75, [M]}f° + 104°. Evaporation to dryness under reduced pressure gave a 
third fraction (12 g.), m. p. 142—151°, al®* + 0-71°, [M]}*° + 98-4° for a 0-993% alcoholic solution. 

Three more recrystallisations of the first crop from ethyl acetate—ethy] alcohol raised the m. p. of the 
salt to 174—175°, the optical constants then being aff” + 0-81°, [M]}" + 113-5° for a 0-983% alcoholic 
solution. Further treatment failed to alter these values and the salt was evidently the optically pure 
d-phosphonium d-camphorsulphonate (Found: C, 68-0; H, 6-46%). 

d-2-Phenyl-2-p-hydroxyphenyl-1 : 2: 3: 4-tetrahydroisophosphinolinium Bromide.—The d-phosphonium 
d-camphorsulphonate (2-2 g.) was dissolved in alcohol (20 c.c.), and the solution cooled to 0° whilst a 
similarly chilled solution of calcium bromide (5 g.) in alcohol (10 c.c.) was rapidly added. Stirring and 
scratching caused precipitation of the crystalline bromide, which was collected, and washed with two 
portions of 5 c.c. and three of 2-5 c.c. of alcohol. 1-5 G. (94%) of the pure bromide were obtained, 
m. p. 268—270° with softening from 263° (Found: C, 62-6; H, 5-0; Br, 20-7. C,,H,,OBrP requires 
C, 63-15; H, 5-1; Br, 20-:0%). A 1-029% solution in aqueous alcohol (2 vols. alcohol : 1 vol. water) had 
aly” + 0-34°, [M]¥" + 32-9°. 

Recrystallisation from alcohol failed to affect the m. p. or to cause any significant change in the 
rotatory power: for a 1-010% solution in aqueous alcohol, aj® + 0-34°, [M]}® + 33-7° (values for 
other wave-lengths for a 1-029% solution of this recrystallised material are given in the table on p. 1638) 
(Found : C, 62-7; H, 4-9; Br, 20-15%). : 

With methyl alcohol as solvent a marked decrease in rotatory power was observed: a 1-032% 
solution had af" + 0-05°, [M}}}" + 4:8°. The bromide was recovered from the solution by evaporation 
in a vacuum and a 0-941% solution of this material in aqueous alcohol had aj” + 0-31°, [M]¥ + 32-9°. 

The Phosphonium 1-Camphorsulphonate.—The phosphonium bromide was recovered from the second 
and the third fraction of the d-camphorsulphonate by precipitation with calcium bromide as described 
above, and was then converted into the /-camphorsulphonate by the usual method. The glass obtained 
by evaporation of the methyl-alcoholic solution was crystallised from acetone and then had m. p. 
152—157°. When recrystallisation was attempted from ethyl acetate-ethyl alcohol, in the proportions 
used for the d-camphorsulphonate, the hot solution initially obtained began to deposit a crystalline 
precipitate and considerably more alcohol was required before solution could be re-obtained [14 g. of the 
salt in ethyl acetate (90 c.c.) required 47 c.c. of alcohol]. On cooling, a crystalline precipitate of 
1-camphorsulphonate rapidly separated : 11-8 g., m. p. 170—172°. This had a}§” — 0-73°, [M]}¥ — 102° 
for a 0-950% solution in alcohol (Found: C, 68-1; H, 6-3. C;,H,;,0,SP requires C, 67-6; H, 6-4%). 
Evaporation of the mother-liquors left a solid residue, m. p. 165—168°, a}8° — 0-72°, [M]}* — 101° fora 
0-945% alcoholic solution. , 

The phosphonium bromide was regenerated from a sample of the first crop; this had m. p. 286—288° 
and proved to be optically inactive in aqueous-alcoholic solution, in which solvent it was considerably 
less soluble than the d-phosphonium bromide described above. 

Repeated attempts to recrystallise the /-camphorsulphonate from ethyl acetate-ethyl alcohol showed 
that it was much less soluble than the d-phosphonium d-camphorsulphonate, and a product, m. p. 
170—172°, was always obtained. It was redissolved in methyl alcohol, the solution taken to dryness, 
and the glass crystallised from acetone in the hope that the low-melting form could be again obtained, 
but such methods led invariably to a product, m. p. 170—172°, evidently a partial racemate of the 
dl-phosphonium /-camphorsulphonate. Inasimilar way, further preparations of the d-camphorsulphonate 
led to a high-melting product from which the inactive bromide, m. p. 286—288°, was regenerated. 


We are indebted to Mr. F. C. Baker for a considerable amount of assistance in the preparation of 
chlorophosphines. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, February 10th, 1947.) 





327. Reduction by Dissolving Metals. Part V. 
By ARTHUR J. BIRcH. 


Potassium amide in liquid ammonia conjugates the double bonds of 2 : 5-dihydroanisoles 
with formation of 2: 3-dihydroanisoles, which give adducts with maleic anhydride and are 
reduced by sodium in ammonia chiefly to alkylcyclohexenes, but by sodium and alcohol in 
ammonia chiefly to alkyltetrahydroanisoles. With alkyl-2 : 5-dihydrobenzenes, instead of the 
conjugated dienes, the products are chiefly the alkylbenzenes, and the conjugated compound 
4: 5-dihydro-m-xylene gives m-xylene under the same conditions. Also observed are the 
transformations: 2: 4-dimethylhexa-1 : 5-diene —-> 2 : 4-dimethylhexa-2:4-diene; oct-l- 
ene ——> oct-2-ene; 4-phenylbut-l-ene ——> 4-phenylbut-2-ene; 3-butoxy-2-methylpropene 
— > 1-butoxy-2-methylpropene; 3-methoxycyclohexene —-+>a mixture of cyclohexene and 
benzene; a number of hydrocarbons are unchanged. 

The bond migrations are postulated as taking place through anions formed by loss of a proton 
from an allyl position. The theory is related to the effects of alkyl substitution on the ease of 
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the process, and applied to a consideration of some reduction phenomena with sodium in 
ammonia and with calcium hexammine. 
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In Part III (J., 1946, 593) it was found that the «3-dihydro-derivatives obtained by the reduction 
with sodium and alcohol in liquid ammonia of methoxyalkyl-, dimethylaminoalkyl-, and 
alkyl-benzenes were further reduced by sodium and ammonia or by calcium hexammine. 
Intermediate conjugation of the double bonds was postulated as taking place through a 
mesomeric anion formed by loss of a proton to the anionoid reagent (either sodium, or calcium 
hexammine, or the sodium or calcium amide formed in increasing amount as the reaction 
proceeds). Farmer, Koch, and Sutton (J., 1943, 545) have postulated a similar intervention of 
mesomeric allylic radicals to explain the formation of conjugated peroxides from non-conjugated 
dienes in oxidation reactions. 

Conjugated compounds have now been produced from the methoxyalkyl-«8-dihydrobenzenes 
by the action of the amides of sodium or potassium in liquid ammonia (the latter preferred 
because of its solubility); the deep red-brown colour of the solution confirms the formation of a 
mesomeric carbanion in the process. The products (e.g., I) were identified as conjugated by the 
formation of crystalline maleic anhydride adducts, by their light absorption at A... ca. 2700 4., 
and by their ready reduction with sodium and alcohol in ammonia. They must have a 
disposition of double bonds relative to the methoxyl group of type (I) rather than (II) or (III, 
R = OMe). Acid hydrolysis produced unsaturated ketones, rather than hydrocarbons, thus 
eliminating (II), and the maleic anhydride adducts did not behave as the enol ethers of ketones, 
and were therefore of type (IV) corresponding to (I) rather than of type (V) corresponding to 
(III, R= OMe). Also, the product from 2: 5-dihydro-p-tolyl methyl ether must be 
2 : 3-dihydro-p-tolyl methyl ether since it gave rise to the 2: 4-dinitrophenylhydrazone of 
4-methylcyclohex-3- rather than -2-enone. 


OMe OMe [Nn x 4 oN Pn: 

YS di A ¢ é CH \ 
( IR () Ile (om do a =| > 
V4 \4 / WAS VNS 

(I.) (II.) (IIT.) (IV.) (V.) 

R JN y an JN” ir. 
Y . Y N Y Y Y 
ae” R ) L oH C) Bu Le 
V4 \ Py Vf 4 ys 
(VI.) (VII.) (VIII.) (IX.) (X.) (X1.) 


The conjugated compound from 2: 5-dihydro-m-tolyl methyl ether is formulated as (I, 
R = Me) since acid hydrolysis gave 3-methylcyclohex-2-enone, not the alternative 5-methy]l- 
cyclohex-2-enone to be expected from (VI, R = OMe). Further confirmation came from its 
reduction products. Sodium and alcohol in ammonia gave a little 1-methylcyclohexene (VII, 
R = H) and preponderantly 1-methoxy-3-methylcyclohexene (VIII), acid hydrolysis of which 
produced 3-methylcyclohexanone, and permanganate oxidation «-methyladipic acid. Sodium 
in ammonia gave mainly (VII, R = H) and a little (VIII). The hydrocarbons similarly 
obtained from the dihydro-o- and -p-tolyl methyl ethers were identified by their infra-red 
absorption spectra as mixtures of methylcyclohexenes : ortho-, the 4-methyl- two parts, and the 
l- and 3-methyl one part each; para-, one part each of the l-, 3-, and 4-methyl. The 
2 : 5-dihydro-derivatives from 3 : 5-dimethyl- and 2 : 6-dimethyl-anisole gave by the prolonged 
action of sodium in ammonia (doubtless with intermediate conjugation) small amounts of 
1-methoxy-3 : 5- and -2: 6-dimethylcyclohexene (hydrolysed by acid to 3: 5-dimethyl- and 
2 : 6-dimethyl-cyclohexanone) together with the same hydrocarbon, identified as 2 : 4-dimethyl- 
cyclohexene by comparison of its derivatives with those obtained from an authentic specimen. 
1 : 2-Dimethoxy-3 : 6-dihydrobenzene gave anisole by the action of potassium amide in ammonia, 
probably by way of the intermediate (X). 

The formation of conjugated derivatives of type (I) can be explained by assuming that a 
proton is removed from the CH, adjacent to the methoxyl group, and that the anion then adds a 
proton with the final result of pivoting the enol double bond about this group. This is 
particularly clearly shown by the formation of (I, R = Me) rather than (VI, R = OMe) from 
dihydro-m-tolyl methyl ether. Some dehydrogenation which accompanies the isomerisation 
may be explained by loss of a hydrogen anion from the intermediate salt (compare the 
hydrocarbons on p. 1644). 
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Addition of the alkyldihydrobenzenes such as 2 : 5-dihydrotoluene (IX) or 2 : 5-dihydro-m- 
xylene (XI) to potassium or sodium amide in liquid ammonia gave a red colour, but the recovered 
product contained little, if any, of the conjugated diene, the chief constituent being the aromatic 
hydrocarbon together with a little of the alkyltetrahydrobenzene and polymeric material. The 
product obtained by acting on 2 : 5-dihydrotoluene with sodium amide for a short time gave rise 
to a trace of a maleic anhydride adduct, probably derived from 1-methylcyclohexa-1 : 3-diene, 
since it was not identical with that obtained from 1-methylcyclohexa-1 : 5-diene. That 
cyclohexa-1 : 3-dienes themselves can be dehydrogenated by the reagent was shown by the 
production of m-xylene from 4: 5-dihydro-m-xylene, the red colour of the intermediate ion 
being visible in this case also. These ions must be similar in type to those from the unconjugated 
dienes, and both can assume the stable aromatic configuration by the expulsion of a hydrogen 
anion. The dehydrogenation may be compared with the formation of naphthalene and lithium 
hydride by the action of phenyl lithium on 1; 4-dihydronaphthalene (Gilman and Bradley, 
J. Amer. Chem. Soc., 1938, 60, 2333). The source of the small amount of tetrahydrobenzene 
derivative in the aromatic product is not certain, but in view of the small reducing power of 
sodium hydride (Swamer and Hauser, J. Amer. Chem. Soc., 1946, 68, 2647) it may have been 
present in the starting material. 

The formation of a considerable proportion of tetrahydrobenzene derivative by the action of 
sodium in ammonia or of calcium hexammine on the unconjugated compound must have been 
due to reduction of the conjugated compound as it was produced; this also agrees with the 
fact that less polymeric material was formed. Even here, however, some aromatic material 
appeared (see 2 : 5-dihydrotoluene). It is noteworthy that the same ratio of 1- to 3-methylcyclo- 
hexene was obtained from toluene or 2: 5-dihydrotoluene, irrespective of which reduction 
process was employed, and that reduction of 4: 5-dihydro-m-xylene (III; R, R’ = Me) gave 
1 : 3-dimethylcyclohexene (VII, R = Me) already obtained from m-xylene and 2 : 5-dihydro-m- 
xylene (Part III, Joc. cit.). The fact that alkylcyclohexenes are unaltered by the reagents makes 
it possible to draw conclusions about the reduction intermediates from the position of the double 
bond in these products. 

The reason for the observed difference in the rate of dehydrogenation of the dihydroanisole 
and dihydrobenzene derivatives may be due to the higher energy of the anions with the latter due 
to the inductive effect of the alkyl groups; this may be correlated with the fact that, although 
some conjugated material was detected in the case of dihydrotoluene, none was observed with 
the more highly alkylated dihydro-m-xylene. That methoxyl groups have a stabilising effect 
on anions except when the charge is forced to reside on the occupied or para-carbon atoms 
is clear from a number of results obtained in Part IV (this vol., p. 102) and from the fact that 
2-methoxynaphthalene is reduced mainly in the occupied ring. 


Hydrocarbon. Reagent. Product. ; 
2 : 5-Dihydrotoluene .......... Miashisieem KNH,,NH, Toluene; methylcyciohexene (tr.) 
2: 5-Dihydro-m-xylene ............ KNH,,NH, m-Xylene 
4 : §-Dihydro-m-xylene ..............+ KNH,,NH; m-Xylene 
CEST | cecstenccsgencseniscssccqeoves KNH,,NH, Oct-l-ene, 80%; oct-2-ene, 20% 
2 : 5-Dimethylhexa- 1: 5-diene ... KNH,,NH, 2 : 5-Dimethylhexa-2 : 4-diene 
4-Phenylbut-l-ene ...............20005+ KNH,,NH, 4-Phenylbut-2-ene(?); polymer 
3-Methyl-, 1 : 3-dimethyl-, 2: 4-di- KNH,,NH, or Unchanged 

methyl-cyclohexene; d-limonene, Ca(NH;). 


d-sylvestrene, methylgeraniolene, 
R333 8383t (2 38 : S-Octe- 


hydrodiphenyl 
2 : 5-Dihydrotoluene ...............+4+ Na,NH, 1-Methylcyclohexene, 50%; toluene, 40%; 
‘ 3-methylcyclohexene, 10% 

2 : 5-Dihydrotoluene .........+.....++. Ca(NHs3). 1-Methylcyclohexene, 80%; 3-methyleycio- 
hexene, 10% 

2 : 5-Dihydro-m-xylene ............ Na,NH,; Ca(NH;), 1: 3-Dimethylcyclohexene * 

4:5-Dihydro-m-xylene............ Na,EtOH,NH, 1 : 3-Dimethylcyclohexene 

DOIG. cecnpsrsbecseenaseassesainccensne Ca(NHs3), 1-Methylcyclohexene, 80%; 3-methylcycio- 
hexene, 20% 

4-Phenylbut-l-ene ...............ee0006 Na,NH, Phenylbutane 


* Part III, loc. cit.; the constitution of the product is proved in the present paper. 


The ability to conjugate depends on the ability to form the alkali-metal salts and therefore 
on the presence of a relatively acidic hydrogen atom, which, with the cyclohexadienes, is due to 
stabilisation of the anion resulting from proton removal by resonance of the charge with the ends 
of the two double bonds. The production of the conjugated compound on addition of a proton 
to this ion is, of course, due to the lower energy of the double bonds in conjugation. It has 
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already been pointed out (Part II, J., 1945, 809) that the lower the degree of alkylation of the 
end carbon atoms of a mesomeric anion of type (XII) the more readily it is formed, i.e., the more 
acidic the proton whose removal produces it. This is further confirmed by the work of Morton, 
Brown, Holden, Letsinger, and Margat (J. Amer. Chem. Soc., 1945, 67, 2224) on the direct 
metallation of alkyiethylenes. These ideas may be applied to predict that the conjugation of 
1 : 3-dimethyl-2 : 5-dihydrobenzene (XI), which might proceed through (XIII) or (XIV), 
should take place through the latter, since the negative charges would reside on less alkylated 
carbon atoms at the ends of the mesomeric system. This is confirmed by the production of 
1 : 3-dimethylcyclohexene (VII, R = Me) by sodium in ammonia reduction, since this could 
hardly be derived from (XIII) through (VI, R = Me), and is given by (III; R = R’ = Me) 
derivable from (XIV). 


H, H CH, 
4#\Z As 
C=CR=C - Ses ae oh iw | Bie 
os oe | sha acct 
(XII) (XIII) CH, H (XIV.) 
CH,:CMe-CH,-CH,-CMe:CH, CMe,°CH-CH:CMe, Ph-CH,-CH,-CH:CH, 
(XV.) (XVI) (XVIL.) 
Yo : er 
CMe,:CH-CH,-CH,-CMe:CHMe cH,< Semechy, c << > iw 
(XVIII) (XIX.) (XX. “~ 
CH, 
\ ; 
Lastest, CH,:CMe-CH,-0-C,H, CMe,:CH-O-C,H, 
(XXL) (XXII) (XXIII) 
OMe OMe Hy 
5 OF 7 gs cu,—¢ - Me:CH, 
Me ‘; 
VA NX H’ 
(XXIV.) (XXV.) (XXVI.) 


With compounds having double bonds insulated from one another by two saturated carbon 
atoms the conditions for migration are less favourable, since removal of a proton in the allyl 
position gives an anion in which the charge can resonate with only one double bond. The 
double bond in oct-l-ene was moved in part to the 2-position, and in this case the mesomeric 
anion has a low degree of alkylation, having at its ends CH, and CHR. This is also true of the 
initial stage of isomerisation of 2: 5-dimethylhexa-1 : 5-diene (XV) to 2: 5-dimethylhexa- 
2:4-diene (XVI) (the compound has also been reduced by means of calcium hexammine; 
Kazanskii and Glushnev, Bull. Acad. Sci. U.R.S.S., 1938, 1065) and of the isomerisation of 
4-phenylbut-l-ene (XVII) to 1-phenylbut-2-ene and a polymer, probably derived from 
1-phenylbut-l-ene; (XVII) was also reduced to phenylbutane by the prolonged action of 
sodium.in ammonia. The second unsaturated centre must have some influence, however, since 
isomerisation in these cases is much readier than with oct-l-ene. Substitution of the 
hexa-1 : 5-diene with saturated carbon atoms at the ends of the potential resonating ion, e.g., in 
methylgeraniolene (XVIII), d-limonene (XIX), and 1:2:3:4:1': 2’: 3’: 4’-octahydrodi- 
phenyl (XX), prevented isomerisation with potassium amide in ammonia or reduction by 
calcium hexammine; more surprisingly, sylvestrene (XXI) was also unaffected. Several of 
these compounds should have relatively acidic hydrogen atoms present in methyl groups, but 
the anion formed by loss of a proton should merely regenerate the starting material. Production 
of the anion (XX VI) from d-limonene would result in re-formation of the starting material in the 
racemic form; in fact, the rotation was unaltered. This agrees with the observation that the 
double bond in alkylcyclohexenes was not moved. 

3-Butoxy-2-methylpropene (XXII), the resonating anion from which would contain CH, 
and CHR, was isomerised to 1-butoxy-2-methylpropene (XXIII), but no 1-methoxycyclo- 
hexene was obtained from 3-methoxycyclohexene, loss of methyl alcohol producing a 
hydrocarbon analysing for cyclohexadiene. It gave no reaction with maleic er and its 
physical properties indicated a mixture of benzene and cyclohexene.* 


* Added in Proof.—For a further discussion of the relationship between structure and acidity see 
Birch, Faraday Society Discussion, 1947, ‘‘ Labile Molecules ’’ (in the press). 
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Reduction of the conjugated cyclohexadienes can be explained by the initial addition of two 
electrons to the system. With the hydrocarbons the bivalent anions so formed then abstract 
two protons from the alcohol or ammonia; in the case of the methoxy-compounds this may 
occur, and is naturally favoured by the presence of more readily available protons from alcohol, 
or a methoxyl anion may be expelled with addition of another electron and finally two protons 
to give an alkyleyclohexene. This seems to be confirmed by the fact that 2-ethoxy-3 : 4-di- 
hydronaphthalene gave with sodium in ammonia, with or without alcohol, tetrahydronaph- 
thalene as the first recognisable product. It also explains the formation of the same 
dimethylcyclohexene from the dihydro-derivatives of 2 : 6- and 3 : 5-dimethylanisole by way of 
the conjugated (XXIV) and (XXV), which would give the same anion after expulsion of the 
methoxyl. It is noteworthy that dimethyl-2 : 5-dihydro-m-toluidine did not give rise to any 
hydrocarbon, the product containing the tetrahydroamine, and this may be correlated with the 
greater energy of formation of the dimethylamino- than of the methoxy-anion. 

It is necessary to determine the positions of addition of nascent hydrogen to asymmetrical 
alkylcyclohexadienes before further conclusions can be drawn; evidence is already available 
that it may occur in both the «8- and the «8-positions. 


EXPERIMENTAL. 


Alkyl-2 : 3-dihydroanisoles.—-The alkyl-2 : 5-dihydroanisoles were prepared from the alkylanisoles by 
reduction with sodium and alcohol in liquid ammonia as described in Part III (loc. cit.) under the 
preparation of the derived ketones. The compounds (10 g.) were conjugated by dissolving them in a 
solution of potassium amide (from the metal, 2 g.) in ammonia (100 c.c.) and stirring for 1} hours. Water 
was then added very cautiously to the dark red solution, the oil taken up in ether, dried (K,CO,), and 
distilled. It is unlikely that conjugation is brought about by the caustic alkali formed during working 
up, since it could not be accomplished with boiling 15% alcoholic potassium ethoxide. The maleic 
anhydride adducts were prepared by addition to excess of the anhydride in benzene and 6 hours’ standing. 
Material boiling up to 120°/10 mm. was then removed, the product extracted from polymeric material 
in the residue with ether and crystallised from benzene-light petroleum with the aid of a little fuller’s 
earth. 

The reduction of the conjugated compounds was carried by two methods. (A) A solution of the sub- 
stance (5 g.) and sodium (4 g.) in ammonia (70 c.c.) was left for 30 minutes, excess of ammonium chloride 
added, then water (70 c.c.), and the oil separated with the aid of a centrifuge if necessary; owing to the 
volatility of the methylcyclohexenes in boiling ammonia only 2—2-5 g. of product were obtained. 
(B) The substance (10 g.) in ammonia (100 c.c.) and alcohol (10 g.) was gradually reduced by the addition 
of sodium (6 g.) over 3 hours with stirring, and the product worked up as above. 

2: 5-Dihydroanisole (b. p. 148—150°) gave 2: 3-dihydroanisole (6-2 g.), b. p. 145°, nl8° 1-4902, 
Amax. 2690 A., €max. 4560 (Found: C, 76:1; H, 9-2. C,H,,O requires C, 76-4; H, 91%). ‘Cold 
2 : 4-dinitrophenylhydrazine sulphate in alcohol indicated a 91% content of dihydro-compound, and the 
derivative formed, m. p. 140—146°, appeared to be a mixture of the cyclohex-3-enone derivative, m. p. 
134°, and the A?-derivative, m. p. 167°. Brief refluxing with alcoholic sulphuric acid gave the latter. 
The maleic anhydride adduct had m. p. 91° (Found: C, 63-3; H, 5-8. C,,H,,O, requires C, 63-4; H, 
58%). This was unaffected by Brady’s reagent. 

Reduced by method (B), 2: 3-dihydroanisole gave 1-methoxycyciohexene, b. p. 140—145°, which 
readily gave rise to cyclohexanone 2 : 4-dinitrophenylhydrazone, m. p. 156—157°. 

The mixture of 3 : 6- and 2: 5-dihydro-o-tolyl methyl ether obtained by reduction of o-tolyl methyl 
ether (Parts I and III, loc. cit.) gave a compound (chiefly 2 : 3-dihydro-o-tolyl methyl ether?), b. p. 
155—160° (Found : C, 77-3; H, 9-3. C,H,,O requires C, 77-4; H, 9-7%). Continuation of the reaction 
for 54 hours gave a product, b. p. 165—167°, which appeared to be mainly o-tolyl methyl ether (Found : 
C, 79:1; H, 83. Calc. forC,H,,O: C, 78-7; H, 82%). Reduction of the conjugated diene mixture by 
method (A) gave a fraction, b. p. 100—104°, shown by its infra-red absorption to contain a mixture of 
methylcyclohexenes : A*- two parts, A’- and A?- one part each. : 

2 : 6-Dihydro-m-tolyl methyl ether gave 5 : 6-dihydro-m-tolyl methyl ether, b. p. 165—167° (Found : 
C, 77-6; H, 9-7. C,H,,O requires C, 77-4; H, 9-7%). The maleic anhydride adduct crystallised from 
benzene-light petroleum in prisms, m. p. 77° (Found: C, 65-2; H, 6-3. C,,H,,O, requires C, 64-9; H, 
6-3%). Treatment with 2: 4-dinitrophenylhydrazine sulphate in hot alcohol gave the derivative of 
3-methylcyclohex-2-enone, m. p. 174—175°. Reduction by method (A) gave chiefly a fraction, b. p. 
106—110°, nie 1-4500 (Found: C, 87-4; H, 12-5. Calc. for C,;H,,: C, 87-5; H, 125%). The 
nitrolpiperidine, m. p. 146—147°, and its infra-red absorption spectrum showed this hydrocarbon to be 
l-methylcyclohexene. A small fraction, b. p. 155—162°, gave rise to the 2 : 4-dinitrophenylhydrazone 
of 3-methylcyclohexanone, m. p. 154°, and a few drops of material, b. p. 162—172°, appeared to contain 
m-tolyl methyl ether. Reduction by method (B) gave a trace of a fraction (i) b. p. 110—115°, and 
mainly 1-methoxy-3-methylcyclohexene (ii), b. p. 156—160°, n}" 1-4660. Hydrolysis of this by boiling 
with 10% sulphuric acid for an hour, conversion of the oil into a solid bisulphite compound, and 
regeneration gave 3-methylcyclohexanone, b. p. 165°; 2: 4-dinitrophenylhydrazone m. p. 155°, 
semicarbazone m. p. 180°. Oxidation of (ii) with potassium eae in acetone gave an acid which 
did not crystallise, but readily formed the dianilide of a-methyladipic acid, m. p. 173° (Found: C, 73-7; 


H, 7:4. c. for C,,H,,O,N,: C, 73-5; H, 7:1%). Bouveault and Locquin (Bull. Soc. chim., 1908, 
3, 451) give m. p. 174—175°. 

2: 5-Dihydro-p-tolyl methyl ether (b. p. 168—170°) gave 2: 3-dihydro-p-tolyl methyl ether, b. p. 
165—167°, Amax. 2720, €max. 4060 (Found: C, 77-6; H, 9-7. C,H,,O requires C, 77-4; H, 9-7%), giving 
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with cold Brady’s reagent the 2 : 4-dinitrophenylhydrazone of 4-methylcyclohex-3-enone, m. p. 122°, 
converted by hot dilute alcoholic sulphuric acid into the derivative of 4-methylcyclohex-2-enone, m. p. 
174°. The maleic anhydride adduct had m. p. 85—86° (Found: C, 64-8; H, 6-3. C,,H,,O, requires 
C, 64:9; H, 63%). Reduction by method (A) gave a hydrocarbon fraction, b. p. 103—105° (Found : 
C, 87-3; H, 12-7. Calc. for C,H,,: C, 87-5; H, 125%). This was shown by its infra-red absorption to 
contain about one part each of 1-, 3-, and 4-methylcyclohexene. Reduction by method (B) gave chiefly 
a fraction (1-methoxy-4-methylcyclohexene), b. p. 157—162° (Found : C, 76-0; H, 10-6. C,H,,O requires 
C, 76-2; H, 11:1%), which on acid hydrolysis and bisulphite purification gave 4-methylcyclohexanone, 
b. p. 165—167°, semicarbazone m. p. 196°. 

In order to investigate the ease of dehydrogenation in this case the conjugation reaction was continued 
for (i) 24 hours and (ii) 5} hours, giving as the products: (i), b. p. 165—167° (Found: C, 77-4; H, 98. 
Calc. for C,H,,0: C, 77-4; H, 9°7%), Amax. 2720, max. 3640; and (ii), b. p. 165—170° (Found: C, 
77-9; H, 9-3. Calc. for CsH,,0: C, 77-4; H, 9°7%). The latter by estimation with Brady’s reagent 
showed only about a 50% content of methyldihydroanisole. Dehydrogenation had thus taken place, 
although to a smaller extent than with the dihydro-o-tolyl methyl ether. 

2 : 6-Dihydroveratrole (Part IV, loc. cit.) gave rise to anisole, b. p. 145—150°, unaffected by Brady’s 
reagent and demethylated to phenol. 

Reduction of 3: 5- and 2 : 6-Dimethylanisole-—These compounds (10 g.) were reduced in ammonia 
(100 c.c.) with sodium (5 g.) and alcohol (5 g.), a further amount of sodium (5 g.) added, and the mixture 
left for 10 hours and worked up as usual. 

3 : 5-Dimethylanisole gave (i), b. p. 125—130° (2-4 g.), and (ii), b. p. 185—195°. Fraction (i) gave a 
good yield of a nitrolpiperidine as colourless prisms from methyl alcohol, m. p. 146—147° (Found: C, 
69-4; H, 10-6. C,,H,,ON, requires C, 69°6; H, 10-7%), undepressed by the derivative of 2 : 4-dimethyl- 
cyclohexene. Fraction (ii) seemed to be largely starting material, but reacted with Brady’s reagent to 
give the 2 : 4-dinitrophenylhydrazone of 3 : 5-dimethylcyclohexanone, m. p. 155—-157° (Found: C, 54-2; 
H, 6-0. C,sH,,0,N, requires C, 54-7; H, 6-1%). Two stereoisomers are possible, and there is no 
evidence as to whether one or a mixture was present. 

2 : 6-Dimethylanisole gave (i), b. p. 125—130° (1-1 g.), and (ii), b. p. 160—170° (0-5 g.), together 
with a higher fraction of starting material. Fraction (i) gave the nitrolpiperidine, m. p. 146—147°, of 
2: 4-dimethylcyclohexene. Fraction (ii) gave the 2: 4-dinitrophenylhydrazone of 2 : 6-dimethylcyclo- 
hexanone, m. p. 149—150°, also possibly a mixture of stereoisomers (Found: C, 55-0; H, 5-9. 
C,,H,,0,N, requires C, 54:7; H, 6-1%). 

The 2: 4-dimethylcyclohexene required for comparison was synthesised by reducing m-4-xylenol 
with Raney nickel and hydrogen at 150°/100 atm., esterifying the resulting 2 : 4-dimethylcyclohexanol 
with palmitic acid, and distillation of the ester at 340—350°. It had b. p. 124—125° (Found: C, 87-1; 
H, 12-7. Calc. for C,H,,: C, 87-3; H, 12-7%). In order to ensure that no movement of the double 
bond had taken place, the hydrocarbon was oxidised with potassium permanganate in acetone, and the 
resulting acid gave B-methyladipic dianilide, m. } 198° (Found : C, 73-0; H, 7-2. Calc. for C,,H,,O0,N, : 
C, 73-5; H, 7-1%). Markownikoff (J. Russ. Phys. Chem. Soc., 1903, 35, 226) gives m. p. 197—198°. 
Addition of nitrosyl chloride gave a solid which was refluxed with sodium acetate in acetic acid and 
hydrolysed with dilute mineral acid to a ketone, b. p. 93—96°/16 mm. (cf. Wallach, Annalen, 1913, 395, 
275; , 198). This gave rise to a 2: 4-dinitrophenylhydrazone as bright red needles (from ethyl 
acetate—alcohol), m. p. 183—184° (Found: C, 55-0; H, 5-4. C,,H,,0O,N, requires C, 55-3; H, 5-3%), 
which must be derived from 2 : 4-dimethylcyclohex-2-enone, since it is not identical with the derivatives 
from 2 : 6-dimethyl-, m. p. 153°, from 3 : 5-dimethyl-, m. p. 165°, or from 4 : 6-dimethyl-cyclohex-2-enone, 
m. p. 164—165°. The semicarbazone had m. p. 167—168° (Found: C, 59:5; H, 8-3. Calc. for 
C,H,,ON;: C, 59°7; H, 83%). This examination was necessary, since Wallach (loc. cit.) gives m. p. 
130—131° for the nitrolpiperidine and m. p. 194—195° for the semicarbazone obtained as above. 

Methallyl butyl ether, obtained from sodium u-butoxide and methallyl chloride, b. p. 135—137°, 
ny 1-3942, gave 1-butoxy-2-methylpropene, b. p. 138—140°, nf” 1-4230 (Found: C, 75-0; H, 12-6. 
C,H,,0 requires C, 75-0; H, 12-5%), which, unlike the starting material, gave the 2: oS, #4 
hydrazone of isobutaldehyde on boiling with Brady’s reagent, m. p. 182° (Found: C, 47-6; H, 48. 
Calc. for C;,H,,0,N,: C, 47-4; H, 5-1%). Mathiesssen and Hagedorn (Mikrochem., 1941, 29, 58) give 
m. p. 183-5—185°. 

3-Methoxycyclohexene (Berlande, Bull. Soc. chim., 1942, 9, 653) gave a hydrocarbon, b. p. 78—82°, 
nis 1-4720 (Found : C, 89-6; H, 10-4. Calc. forC,H,: C, 90-0; H, 10-0%). It was unsaturated, but 
did not react with maleic anhydride and was probably a mixture of cyclohexene and benzene. A small 
higher-boiling fraction contained no 1-methoxycyclohexene since it failed to react with Brady’s reagent. 

Action of Sodium or Potassium Amide on Unsaturated Hydrocarbons.—The metal (2 g.) in ammonia 
(100 c.c.) was.converted into the amide by the catalytic action of ferric nitrate, the hydrocarbon (10 g.) 
added, and the mixture stirred for 6 hours with exclusion of air. The product was worked up by addition 
of ice and ether extraction; in many cases considerable loss of material occurred by volatilisation. 

2 : 5-Dihydrotoluene was obtained by reduction of toluene with sodium and alcohol in liquid ammonia 
(cf. dihydro-m-xylene, Part III); b. p. 114—115°, nj§* 1-4695 (Found: C, 89-2; H, 10-7. C,H,, 
requires C, 89-4; H, 10-6%), nitrolpiperidine m. p. 122—123°. It gave rise to a product, b. p. 108—110°, 
ni§° 1-4890 (Found: C, 90-4; H, 9-3. Calc. forC,H,: C, 91-3; H, 8-7%. Calc. for C;H,,: C, 87-5; 
H, 125%). This gave a small yield of the nitrolpiperidine, m. p. 146—147°, of 1-methylcyclohexene, 
and must consist of an admixture of a trace of this with toluene. After treatment of 2 : 5-dihydrotoluene 
with sodium amide in ammonia for one hour the product (b. p. 108—112°) was left with maleic anhydride 
in cold acetone for 5 hours and then steam-distilled. The small residue crystallised and the adduct was 
recrystallised from aqueous methanol; m. p. 62—63° (Found: C, 68-5; H, 6-2. C,,H,,O, requires C, 
68-8; H, 6-2%). Brief heating on the steam-bath with p-toluidine gave a derivative, m. p. 182° (from 
alcohol) (Found: C, 77-2; H, 6-7. C,,H,,O,N requires C, 76-8; H, 6-7%). For comparison the 
derivative of 1-methylcyclohexa-1 : 5-diene was synthesised from cyclohex-2-enone by the action of 
methylmagnesium iodide, dehydration of the carbinol by distillation with a trace of iodine, and treatment 
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of the product (b. p. 110°) with maleic anhydride in cold acetone. The adduct, b. p. 180°/16 mm., 
solidified in ice and melted at about 14° (Found: C, 68-8; H, 6-0. C,,H,.O, requires C, 68-7; H, 
6-2%). The derivative obtained with p-toluidine had m. p. 175° (from alcohol), depressed by the above 
(Found: C, 76-4; H, 6-9. C,,H,,0,N requires C, 76-8; H, 6-7%). 

2 : 5-Dihydro-m-xylene (Part I) gave m-xylene, b. p. 136—138°, nj® 1-4960, and no conjugated 
material could be detected. 

4: 5-Dihydro-m-xylene, b. p. 135°, was obtained by the action of methylmagnesium iodide 
on 3-methylcyclohex-2-enone followed by dehydration of the carbinol by distillation with a trace of 
iodine. It gave rise to a colourless oil, b. p. 135—137° (Found: C, 90-2; H, 97. Calc. for C,H,,: 
C, 90-5; H,9-5%). The ultra-violet absorption of this was consistent with its being a mixture of 80% of 
m-xylene and 20% of starting material. 

Oct-l-ene was prepared by the action of amylmagnesium bromide on allyl bromide (cf. Henne, 
Chanan, and Turk, J. Amer. Chem. Soc., 1941, 68, 3474); b. p. 119°. It gave rise to a product, b. p. 
119—122°, which was shown by its infra-red absorption spectrum to contain 80% of oct-l-ene and 20% 
of an isomer, probably oct-2-ene. 

2 : 5-Dimethylhexa-1 : 5-diene (idem, ibid.), b. p. 114°, nj” 1-4360, gave rise to 2 : 5-dimethylhexa- 
2: 4-diene, b. p. 133—135°, nj~* 1-4780, m. p. 13°. Henne and Turk (J. Amer. Chem. Soc., 1942, 64, 826) 
give for this substance b. p. 134-5°, n2%° 1-4781, m. p. 14°. 

4-Phenylbut-l-ene (obtained by the action of benzylmagnesium chloride on allyl bromide) when 
treated as above gave the red colour but the product was largely high-boiling, probably produced by the 
polymerisation of phenylbut-l-ene. By limiting the reaction time to 2 hours some eg was formed 
together with a product, b. p. 175—182° (Found: C-Me, 7-3. Calc. for CjH,-CH,: C-Me, 11-4%). 
From the b. p. it was probably a mixture containing a considerable proportion of phenylbut-2-ene. 

Methylgeraniolene, b. p. 167°; d-limonene, b. p. 175°, ap + 73°5°; d-sylvestrene, b. p. 173-5°, 
ap + 17°; and1:2:3:4: 1’: 2’: 3’: 4’-octahydrodiphenyl (Berlande, loc. cit.), b. p. 232—235° (used in 
ether, 50 c.c., because of its low solubility in ammonia), were all recovered unchanged, the product from 
the last substance failing to show any reaction with maleic anhydride, and the optical rotations of the 
active compounds were unchanged. 1: 3- and 2: 4-Dimethylcyclohexene gave their characteristic 
nitrolpiperidines after treatment, and 4-methylcyclohexene showed unaltered infra-red absorption. 

Reduction of Hydrocarbons.—2 : 5-Dihydrotoluene (10 g.) and sodium (5 g.) in ammonia (100 c.c.) 
after 4 hours gave a product, b. p. 105—110°, n}§° 1-4731 (Found : C, 89-4; 10-4%), shown by its infra-red 
absorption to contain 40% of toluene, 50% of 1-methylcyclohexene, and 10% of 3-methyleyclohexene. 

2 : 5-Dihydrotoluene (10 g.) with calcium hexammine (from the metal, 10 g.) over 48 hours gave a 
product, b. p. 104—108°, n#* 1-4470 (Found: C, 87-3; H, 123. Calc. for C,H,,: C, 87-5; H, 126%), 
which contained about 80% of 1- and 20% of 3-methylcyclohexene (infra-red absorption). Reduction 
of toluene by the same method gave a product still containing aromatic material, and the process was 
repeated on this using the hexammine from calcium (5 g.) and a mixture identical with the above obtained 
(infra-red absorption). 

4 : 5-Dihydro-m-xylene (3-5 g.) was reduced with sodium (2 g.) and alcohol (4 g.) in ammonia (45 c.c.), 
giving a product, b. p. 124—126° (Found: C, 86-8; H, 12:3. Calc. for C,H,,: C, 87-3; H, 12-7%). 
That it was chiefly 1 : 3-dimethylcyclohexene was shown by the preparation of the nitrolpiperidine, m. p. 
156—157°. For comparison, the hydrocarbon was prepared by distilling the palmitate of 
2 : 6-dimethylcyclohexanol at 330—350°; b. p. 125—126° (Found: C, 87:2; H, 12-7. Calc. for C,H,, : 
C, 87°3; H, 12-7%). This gave the nitrolpiperidine, m. p. 156—157°, also obtained from the reduction 
products of m-xylene and 2 : 5-dihydro-m-xylene (Part III, Joc. cit.). Removal of hydrogen chloride 
from the nitrosochloride by means of sodium acetate in boiling acetic acid (cf. Wallach, loc. cit.) and 
treatment of the resulting oxime with Brady’s reagent gave the derivative of 2 : 6-dimethylcyclohex-2- 
enone, m. p. 153°, already obtained from the reduction product of 2 : 6-dimethylanisole (Part I, loc. cit.), 
thus confirming the position of the double bond in the hydrocarbon. Dehydration of 2 : 6-dimethylcyclo- 
hexanol with acid reagents such as phosphoric oxide produced considerable isomerisation to give 
2 : 4-dimethylcyclohexene. 

4-Phenylbut-l-ene (10 g.) and sodium (5 g.) in liquid ammonia (100 c.c.) were left for 5 hours, excess of 
sodium destroyed with ammonium chloride, and the product worked up as usual. Distillation gave an 
oil, b. p. 177—182°, which was shaken with ice-cold aqueous potassium permanganate until a permanent 
colour was obtained. The distilled oil (4 g.) was phenylbutane, b. p. 179—181° (Found: C, 90-3; H, 
10-1. Calc. for C,,H,,: C, 89-6; H, 10-4%). 

1: 3-Dimethyl- and 2: 4-dimethyl-cyclohexene, d-limonene, and d-sylvestrene were unchanged by 
sodium in ammonia or by calcium hexammine, as shown by unchanged physical constants, in particular 
the optical rotations of the last two substances. Methylgeraniolene and 4-methylcyclohexene were also 
shown by means of their infra-red absorption to be unchanged. 

2-Ethoxy-3 : 4-dihydronaphthalene (kindly presented by Mr. C. T. Beer), reduced with sodium (4 
equivs.) and ammonia either in presence or in absence of alcohol (5 equivs.), gave a hydrocarbon as the 
product. Obtained in presence of alcohol, this showed slight unsaturation to bromine, but with sodium 
alone it was 1 : 2: 3: 4-tetrahydronaphthalene, b. p. 202—208° (Found: C, 90-6; H, 9-3. Calc. for 
C,9H,,: C, 90-9; H, 91%). When only 2 equivs. of sodium were employed the product was a mixture 
of about equal parts of tetralin and starting material. 


The author wishes to express his gratitude to Dr. D. H. Whiffen and Dr. R. E. Richards for measuring 
and interpreting thé infra-red spectra, and to Dr. F. B. Strauss for the ultra-violet spectrum measurements, 
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328. Cinnolines. Part XIV. N-Oxides of 4-Arylcinnolines. 
Conversion of 4-Substituted Cinnolines into Indoles. 


By C. M. Atkinson and J. C. E. Simpson. 


Treatment of 4-arylcinnolines with hydrogen peroxide in acetic acid gives the corresponding N-oxides. 

In contrast to 3 : 4-benzocinnoline N-oxide (III) (King and King, J., 1945, 824), 4-phenyl-3-methyl- 
cinoline N-oxide (I) is not nitrated selectively, four isomeric mono-nitro-derivatives being obtained. 

Alkaline reduction of 4-substituted cinnolines leads to formation of the corresponding indoles; 
with 6- and 7-chloro-3-methylcinnoline reductive dehalogenation also occurs, and skatole is produced. 


ALTHOUGH formally comparable cinnolines, quinolines, and quinazolines have certain reactions 
in common, this is not always so (cf. Schofield and Simpson, J., 1946, 472; Simpson, J. 1946, 1035; 
and unpublished work), and in attempting to account for the properties of certain types of 
cinnoline derivatives, the following * experiments were carried out to examine the possibility 
that this heterocyclic group might retain some of the characteristics of azo-compounds. 

In the first place, we have found that 4-arylcinnolines are readily converted into N-oxides 
on treatment with hydrogen peroxide in acetic acid. This reaction was tried with 4-phenyl-3- 
methyl-, 4-phenyl-3-benzyl-, 3-phenyl-4-p-anisyl-, 4-p-anisyl-3-methyl, and 3 : 4-diphenyl- 
cinnoline, and in each case the corresponding N-oxide was isolated in good yield. This result 
was not of direct diagnostic value, for although the oxidation of azo- to azoxy-compounds 
can be effected under somewhat similar conditions (Chem. Reviews, 1931, 9, 126), the formation 
of N-oxides is likewise characteristic of many heterocyclic types, e.g., pyridines and quinolines 
(Meisenheimer, Ber., 1926, 59, 1848), phenanthrolines (Linsker and Evans, J. Amer. Chem. Soc., 
1946, $8, 403), and quinoxalines (McIlwain, J., 1943, 322; Linsker and Evans, Joc. cit., and 
p. 874), although the cinnoline N-oxides, in contrast to the quinoxaline derivatives (McIlwain, 
loc. cit.), showed complete absence of peroxidic properties. 

Our experiments with 4-methylcinnolines (this vol., p. 808) and with certain N-alkylcinnolinium 
salts (following paper) have indicated that the cinnoline N-oxides should be formulated as (I) 
and not as (II). If (I) is properly regarded as a vinylogue of an azoxy-compound, it should 
undergo preferential substitution in the 4-phenyl group. The nitration of (I) was therefore 
examined, but proved to be unexpectedly complex, and gave rise to four isomers, designated 
a-, B-, y-, and 8-nitro-4-phenyl-3-methylcinnoline N-oxide; there was no evidence of the formation 
of dinitro-compounds. 
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No definite conclusion regarding the azoxy-compound-like nature of 4-arylcinnoline 
N-oxides can be drawn from these results, but the complete lack of any selective attack on the 
molecule was unexpected, and is in marked contrast to the results of King and King (j., 1945, 
824) which appeared after the present work had been discontinued. These workers investigated 
the nitration of 3: 4-benzocinnoline N-oxide (III), and, arguing from essentially the same 
premises as ourselves, anticipated and encountered nitration almost exclusively in one position, 
which was assumed to be in the ring remote from the N-oxide linkage. 

As an alternative approach to the discovery of azo-compound characteristics in 4-substituted 
cinnolines, we turned our attention to the reduction of such compounds with sodium and alcohol. 
4-Phenyl-3-methylcinnoline gave a mixture of unchanged material (1 part) and 3-pheny!l- 
2-methylindole (2°5 parts), and when the reaction was extended to other compounds it was 
evident that indole formation, accompanied by evolution of ammonia, is the predominating 
reaction. The results are summarised in the following table, in which the figures (representing 
ammonia values expressed as percentages of the amounts corresponding to complete conversion 
into indole) indicate the extent of the reaction. Examination of the products of reduction 
gave the following results. From (i) only the indole was isolated. In experiments (ii) and 
(vi) both the indole and unchanged material were identified. Experiment (v) gave an oil, 


* It has been necessary temporarily to discontinue our study of 4-arylcinnolines, and the experiments 
with such compounds recorded in this and the following paper are therefore incomplete. 
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(iii) gave an unidentified mixture, and (iv) gave an oil together with unchanged cinnoline. 
Skatole and 4-methylcinnoline were obtained from (vii) and also from (ix), and (viii) yielded 
skatole and (as picrate) a substance which was not identical with the picrate of 4-methylcinnoline 
or of its 6- and 7-chloro-derivatives. 


NH; NH, 
Cinnoline. evolved, %. Cinnoline. evolved, %. 
(i) 4-p-Anisyl-3-methyl- ............... 58 (vi) 4-p-Hydroxyphenyl- ......... 53 
(ii) 4-p-Hydroxyphenyl-3-methyl- ... 55 OUD MIIEY wetdncdassnccceccstccces 65 
{iii) 3-Phenyl-4-p-anisyl- ............... 3 (viii) 6-Chloro-4-methyl-............ 57 
(iv) 3-Phenyl-4-p-hydroxyphenyl- ... 1 (ix) 7-Chloro-4-methyl-............ 60 
(v) 42-P-Amisyl-  .....ccccccccccscocccsccees 15 


The production of 3-methylindole from each of the 4-methylcinnolines is noteworthy. It 
is possible that the chloro-indole may be formed and may then undergo further reduction, but 
the results of (ix) indicate that, in this case at least, dehalogenation of the cinnoline occurs 
more readily than ring-contraction. The unidentified picrate from (viii) might well be that 
of 5-chloro-3-methylindole, but owing to interruption of the work it has not been possible to 
investigate this point. 

The indoles obtained from (i), (ii), and (vi) are apparently new compounds, and their 
orientation is based on the assumption (which appears to be justified by the formation of skatole 
and 3-phenyl-2-methylindole) that the ring-contraction is not accompanied by any form of 
molecular rearrangement. 

A comparison of (i) with (v) and of (v) with (vi) suggests that a 3-methyl group and a 
p-hydroxyl group (in the 4-phenyl substituent) both favour the reaction as compared with 
hydrogen and a methoxyl group respectively; a 3-phenyl group, on the other hand, has a 
strongly inhibitory effect in conjunction with a 4-aryl group. The contrast between (v) and 
(vi—ix) seems to indicate that the normal electromeric effect of the 4-substituent is not the 
sole controlling influence, and it is possible that chemical and spatial factors are both involved. 
This conclusion is supported by the following evidence from the literature, which, taken in 
conjuction with our own results, indicates that the tendency of cinnolines to pass into indoles 
is markedly dependent on the nature and degree of substitution in the pyridazine ring. 

(a) Neber, Knéller, Herbst, and Trissler (Annalen, 1929, 471, 113), working with various 
acid reducing media, found that 4-phenylcinnoline yielded 3-phenylindole via 4-phenyl-1 : 2- 
dihydrocinnoline, and that oxindole was formed from 3-hydroxycinnoline; no indoxyl or 
indigo derivative resulted, however, from 4-hydroxycinnoline, which (with hydriodic acid 
and red phosphorus) gave 4-hydroxytetrahydrocinnoline hydriodide. (b) 3: 4-Benzocinnolines 
of type (IV) are more stable, as they are themselves produced from 2: 2’-dinitrodiaryls by 
reduction in alkaline or acid media or electrolytically (Tauber, Ber., 1891, 24, 3081; Meyer, 
ibid., 1893, 26, 2238; Ullmann and Dieterle, ibid., 1904, 37, 23), and 5: 6-benzo-1’: 2’: 4: 3- 
naphthocinnoline (V) is also formed in an alkaline reducing medium (from 8-nitronaphthalene ; 
Meisenheimer and Witte, Ber., 1903, 36, 4153). (c) If it is assumed that the ammonia evolved 
in the cinnoline-> indole reaction is formed by ring-closure of an intermediate diamine, then 
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a comparable variation in stability may also be discerned among the diamines corresponding 
to types (VI), (IV), and (V). Thus the diamines derived from a 4-substituted cinnoline 
(VI; R= Ar or Me) do not survive the reaction conditions used (sodium and alcohol), but 
they have been isolated from compounds of type (IV) (King and King, Joc. cit.) and from (V) 
(Meisenheimer and Witte, loc. cit.). (d) Formation of the pyridazine ring [regeneration of type 
(IV)] from 2 : 2’-diaminodiaryls occurs at least as readily (Tauber, Ber., 1893, 26, 1703; 1896, 
29, 2270; Dobbie, Fox, and Gauge, J., 1911, 1615; Sandin and Cairns, J]. Amer. Chem. Soc., 1936, 
58, 2016) as does the conversion of such compounds into carbazoles (formation of the pyrrole 
ring) (Tauber, locc. cit.; Meisenheimer and Witte, Joc. cit.; Dobbie, Fox, and Gauge, Joc. cit. ; 
King and King, Joc. cit.). Such variations in stability of the diamines are presumably an 
indication of the greater degree of ring-strain involved in the carbazole, as compared with the 
indole, nucleus. 
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EXPERIMENTAL. 


(Melting points are uncorrected.) 


4-p-Hydroxyphenyl-3-methylcinnoline.—4-p-Anisyl-3-methylcinnoline (5 g.; J., 1946, 673) was 
refluxed with hydrobromic acid (37 c.c., d 1-5) for 1 hour. The cold mixture was basified (ammonia), 
the supernatant liquid decanted, and the solid dissolved in aqueous sodium hydroxide, and the combined 
alkaline solutions were made acid with acetic acid. 4-p-Hydroxyphenyl-3-methylcinnoline (yield of 
almost pure compound, 4-4 g.) separated from alcohol in small yellow prisms, m. p. 241—242° (Found : 
N, 12-2. C,,;H,,ON, requires N, 119%); its solution in warm 2n-sodium hydroxide deposited silky 
needles of the sodium salt on cooling. 

4-p-Hydroxyphenylcinnoline.—4-p-Anisylcinnoline was prepared by the method of Stoermer and 
Gaus (Ber., 1912, 45, 3104), but as a result of its poor crystallising properties was difficult to purify 
and was most conveniently handled as the hydrochloride, which crystallised well from acetic acid or 
2n-hydrochloric acid in bright yellow needles, m. p. 215—217° (decomp.) after shrinking at 195°. The 
salt (15 g.) was refluxed for 1 hour with hydrobromic acid (105 c.c., d 1-45) and the crude hydroxyphenyl- 
cinnoline isolated as described above. It was best purified by way of the acetoxy-compound fobtained 
by refluxing the crude base with acetic anhydride (5 parts) for $ hour], which separated from aqueous 
alcohol in pale yellow rectangles, m. p. 127-5—128° (Found: C, 72:35; H, 4:8; N, 11-35. C,,.H,,0,N, 
requires C, 72-7; H, 4-6; N, 10-6%), and when boiled with 5n-hydrochloric acid was rapidly hydrolysed 
with quantitative separation of 4-p-hydroxyphenylcinnoline hydrochloride, m. p. 270—273° (decomp.) ; 
this when boiled with water gave the free base as yellow prisms (from alcohol), m. p. 234—235° (Stoermer 
and Gaus, Joc. cit., give m. p. 230°). 

3-Phenyl-4-p-hydroxyphenylcinnoline.—3-Phenyl-4-p-anisylcinnoline (5-5 g.; J., 1946, 673) was 
refluxed with hydrobromic acid (55 c.c., d 1-5) and acetic acid (27-5 c.c.) for 2} hours; the mixture 
was cooled, basified with ammonia, and thé base recrystallised from acetic acid. 3-Phenyl-4-p-hydroxy- 
phenylcinnoline (yield of almost pure compound, 4-9 g.) formed almost colourless needles (occasionally 
thin parallelepipeds), m. p. 283—286° (Found : C, 80-3; H, 4:9. C,9H,,ON, requires C, 80-5; H, 4-7%). 

Preparation of Cinnoline N-Oxides.—The cinnolines (1 part) were dissolved in glacial acetic acid 
(8—10 parts), hydrogen peroxide (5—8 parts, 30%) added, and the clear solutions heated at 90—95° 
for 2 hours; the products separated on cooling and, if necessary, dilution with water (yields, 80—90%). 
4-Phenyl-3-methylcinnoline N-oxide formed long straw-coloured needles, m. p. 124—125°, from aqueous 
alcohol or aqueous acetic acid (Found: C, 75-85; H, 5-2; N, 12-0. C,,H,,ON, requires C, 76-25; 
H, 5:1; N, 119%). 4-Phenyl-3-benzylcinnoline N-oxide, colourless needles from aqueous alcohol, 
had m. p. 110—111° toa turbid melt which cleared at 130° (Found : C, 80-4; H, 4-8; N,9-4. C,,H,,ON, 
requires C, 80-7; H, 5:2; N, 90%). 3: 4-Diphenylcinnoline N-oxide formed radial clusters of stout 
yellow prismatic needles, m. p. 196—198° (clear at 202°), from ethyl acetate or acetic acid, and was 
very sparingly soluble in alcohol (Found: C, 80-4; H, 465; N, 9-5. C,,H,ON, requires C, 80-5; 
H, 4:7; N, 94%). 4-p-Anisyl-3-methylcinnoline N-oxide separated from aqueous acetic acid in colourless 
blades, m. p. 161° (Found: C, 71:9; H, 5-0. C,.H,,0O,N, requires C, 72-1; H, 5-3%). 3-Phenyl-4-p- 
anisylcinnoline N-oxide, light brown blades from aqueous alcohol, had m. p. 176—177° (Found : C, 77-1; 
H, 485. C,,H,,0,N, requires C, 76-8; H, 49%). 

Nitration of 4-Phenyl-3-methylcinnoline N-Oxide.—The substance (1-5 g.) was added during 35 minutes 
to 9 c.c. of a mixture of nitric acid (10-5 c.c., d 1-48) and sulphuric acid (3 c.c., d. 1-84). After a total 
of 1} hours (reaction temperature —13° to —10° throughout the experiment) the solution was poured 
into water and the precipitated solid filtered off, washed, and digested with alcohol (1-55 g., m. p. ca. 
160—175°). Material so obtained, representing 2-5 g. of cinnoline oxide, was digested with acetone, 
and the insoluble fraction repeatedly crystallised from a large volume of this solvent; a-nitro-4-phenyl- 
3-methylcinnoline N-oxide was thus obtained in faintly yellow, microcrystalline nodules, m. p. 256—257° 
(Found : C, 64:0; H, 3-95; N, 15-2. C,,;H,,0O,N; requires C, 64-0; H, 3-95; N,14-9%). Thiscompound 
was very much less soluble in acetone than the isomers described below; it was insoluble in hot aqueous 
sodium hydroxide and in 2N-hydrochloric acid, and sparingly soluble in hot 6N-hydrochloric acid. 

Attempted fractional crystallisation (from benzene and acetone) of the material in the acetone 
filtrates from the a-compound gave only a little impure B-compound. A benzene solution (200 c.c.) of 
the combined fractions was drawn through a 26 cm. column of Merck’s alumina (50 g.) prepared with 
benzene (80 c.c.). The filtrate and successive washings (50 c.c. —" of benzene) were separately 
evaporated, yielding respectively (a) 80 mg., (b) 530 mg., (c) 530 mg., (d) 290 mg., (e) 140 mg., and 
(f) 80mg. Fractions (a) and (6) were solid, (c) and (d) semi-crystalline, and (e) and (f) were brown resins. 

A solution of fraction (b) in acetone, after removal of a little impure a-compound, gave a product 
which, after repeated crystallisation from acetone and finally from ethyl acetate, yielded the f-isomer 
as pale yellow, brittle, hexagonal plates, m. p. 235—-238° after previous shrinking (Found: C, 63-7; 
H, 3°75; N, 15-05%). 

Fraction (c) was similarly freed from a little a-compound; recrystallisation (finally from slightly 
aqueous acetone) furnished small, soft, lemon-yellow prismatic needles, m. 2. 218—219° (clear at 222°) 
of the y-isomer; a mixture with the B-compound had m. p. 200—220° (Found: C, 63-95; H, 3-95; 
N, 15:0%). From the filtrates a small amount of the B-compound was isolated by means of ethyl 
acetate. 

Fraction (d) (extremely soluble in acetone) was combined with the material remaining in the mother- 
liquors of fractions (b) and (c), and the whole fractionated from ethyl acetate; some f-isomer was first 
removed, and the filtrates then deposited 8-nitro-4-phenyl-3-methylcinnoline N-oxide, which separated 
in rosettes of small colourless needles, m. p. 198—199° (180—188° when mixed with the y-compound) 
(Found: C, 64-0; H, 3-8; N, 15:25%). 

Owing to the difficulty of separation, it was not possible to assess the relative proportions in which 
the isomers were present in the crude nitration product. 

Reduction of 4-Substituted Cinnolines.—(a) A solution of 4-phenyl-3-methylcinnoline (2-5 g.) in 
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alcohol (100 c.c.) was reduced, and the product isolated, as described in (b). The oil obtained by 
evaporation of the washed and dried extract was treated (in alcohol; 20 c.c.) with picric acid (2-5 g.), 
and the mixture of picrates (3-75 g.) fractionated from alcohol. The least soluble fraction was 4-phenyl- 
3-methylcinnoline picrate (1 g.), which formed small brown leaflets or prismatic needles, m. p. 179—181° 
alone and mixed with an authentic specimen (m. p. 180—181°) (Found: C, 55-85; H, 3-4; N, 15-6. 
C,;H,,.N,,C,gH,O,N, requires C, 56-1; H, 3°35; N, 156%). The filtrates yielded 3-phenyl-2-methyl- 
indole picrate (2-5 g.) as purple needles with a green reflex, m. p. 139—141° (Found: C, 58-0; H, 3-85; 
N, 13-15. Calc. for C,,H,,N,C,H,O,N,: C, 57-8; H, 3:7; N, 12-8%) (Trenkler, Annalen, 1888, 248, 
106, gives m. p. 141—142°). : 

(b) 4-p-Anisyl-3-methylcinnoline (0-01 mol.) in alcohol (150 c.c.) was refluxed and treated with sodium 
(10 g., ca. 20 pieces) during ? hour, added through a trap to avoid loss of the evolved gases, which were 
led via the reflux condenser into two flasks containing n/5-hydrochloric acid. After the sodium had 
dissolved the system was swept out with a slow stream of nitrogen for } hour; the mixture was then 
poured into water (400 c.c.) and extracted with ether. [This procedure was followed in all the 
experiments described below, and in general at least two runs were carried out for each compound ; 
individual results, of which the ammonia figures on p. 1650 are mean values, agreed within 5—6%. 
In experiments with cinnolines containing 4 p-hydroxyphenyl group, the alkaline solution from the 
ether-extraction was acidified to pH 8 with acetic acid and again extracted (such extracts are referred 
to as ‘‘ pH 8 fractions’’). Separation of the reaction products was only qualitative] The extract 
yielded 3-p-anisyl-2-methylindole as sole crystalline product, separating from benzene-ligroin (b. p. 
40—60°) or from aqueous alcohol in colourless needles, m. p. 127—128° (Found: C, 80-8; H, 6-25. 
C,.H,,;ON requires C, 81:0; H, 63%). The picrate, prepared in benzene solution, formed almost 
black, lustrous needles, m. p. 128—130° (Found: C, 56-65; H, 3-95; N, 12-3. C,,H,,;ON,C,H,O,N, 
requires C, 56-65; H, 3-85; N, 12-0%). ‘ 

(c) 4-p-Hydroxyphenyl-3-methylcinnoline gave an aqueous alkaline solution which, after ether- 
extraction, deposited a solid which did not melt at 330° (evidently the sodium salt of the cinnoline). 
The ether-extract yielded 3-p-hydroxyphenyl-2-methylindole, which crystallised from benzene in almost 
colourless prisms, m. p. 135—136° (Found: C, 80-2; H, 5-8; N, 7-0. C,;H,,ON requires C, 80-7; 
H, 5-9; N, 63%), soluble in cold 2N-sodium hydroxide, but not in aqueous ammonia or sodium carbonate. 
The pH 8 fraction was an oil which (in alcohol) gave unreduced cinnoline, m. p. 238—241° (identified 
by mixed m. p.). 

(d) 3-Phenyl-4-p-anisylcinnoline gave a crystalline mixture, m. p. 47—70°. Digestion with ether 
afforded, with heavy losses, a less soluble fraction, m. p. 132—145° (unchanged by recrystallisation from 
alcohol), which was not further purified. 

(e) The extract of the alkaline mixture from the reduction of 3-phenyl-4-p-hydroxyphenylcinnoline 
and also the pH 8 fraction yielded unchanged material, m. p. and mixed m. p. 283—286°, but unidentified 
products were also present. 

(f) 4-p-Anisylcinnoline gave a glassy resin which could not be obtained crystalline or converted 
into a crystalline picrate or hydrochloride 

g) By extraction of the alkaline solution, 4-p-hydroxyphenylcinnoline yielded 3-p-hydroxy- 
phenylindole, which crystallised from benzene in small golden prismatic needles, m. p. 152—154° (Found : 
C, 79°75; H, 5:2; N, 6-8. C,,H,,;ON requires C, 80-35; H, 5-3; N, 6-7%); the solubility of this 
substance in alkalis was similar to that of its homologue described in (c). e pH 8 fraction was an 
oily solid from which 4-p-hydroxyphenylcinnoline was isolated (m. p. 234—235° alone and mixed with 
an authentic specimen). 

(hk) The ether extract from the reduction of 4-methylcinnoline gave an oily solid which on recrystal- 
lisation from ligroin (b. p. 40—60°) yielded skatole, m. p. 95-5—96-5° (Found : C, 82-0; H, 7-5; N, 10-6. 
Calc. for C,H,N : C, 82-4; H, 6-9; N, 107%). The ligroin filtrates were evaporated, and the residue 
was treated with picric acid in benzene and the resultant solid recrystallised from alcohol, from which 
4-methylcinnoline picrate separated in dark green prismatic needles, m. p. 177—178° alone and mixed 
with an authentic specimen (this vol., p. 811). 

(i) In the case of 7-chloro-4-methylcinnoline, skatole separated directly when the mixture was 
poured into water, and was. collected and identified (m. p. 96-5° alone and when mixed with the sample 
described above). The picrate, soft red needles from alcohol, had m. p. 177—178° (Marion and Ashford, 
Canad. J. Res., 1945, 28, B, 26, give m. p. 182°) (Found: C, 50-0; H, 3-4. Calc. for C,H,N,C,H,O,N; : 
C, 50-0; H, 3-4%). It turned yellow on standing in the air, and after 3 days had m. p. 225—230°. 
The aqueous filtrate from the skatole was extracted with ether, yielding an oil from which 4-methyl- 
cinnoline was isolated as picrate (m. p. 170—173°, not depressed when mixed with authentic material). 

(j) Ether-extraction of the product from 6-chloro-4-methylcinnoline gave an oil, from which skatole 
(m. p. 95—96°) was isolated by means of ligroin (b. p. 40—60°) (picrate, m. p. 172—174°, not depressed 
by admixture with the specimen described above). The first ligroin filtrate was evaporated and the 
residue converted into the picrate, which was digested with alcohol; the green solid so obtained had 
m. p. 185—187° (6-chloro-4-methylcinnoline picrate has m. p. 154—156°; this vol., p. 811) and gave 
marked depressions: in m. p. when mixed with the picrates of skatole and 4-methylcinnoline. 


We are indebted to Imperial Chemical Industries Limited (Dyestuffs Division) for support of this 
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329. Cinnolines. Part XV. The Alkaline Decomposition of Some 
Quaternary Salts of 4-Substituted Cinnolines. 


- By J. C. E. Srmpson. 


The reaction which occurs when 4-substituted alkylcinnolinium salts are treated with 
alkali depends markedly on the nature of the 4-substituent. 4-p-Hydroxyphenylcinnoline 
ethiodide gives, as major products, acetaldehyde and the parent base, and the reaction shows 
significant qualitative similarities to that previously studied (McIlwain, J., 1937, 1704) with 
alkylphenazonium salts. On the other hand, retention of the N-alkyl group is observed with 
6-chloro-4-aminocinnoline methiodide, which yields mainly ammonia and 6-chloro-1-methyl- 
4-cinnolone. 


THE experiments described in this paper were undertaken with the object of locating the basic 
centre of 4-substituted cinnolines, the scheme envisaged being the preparation of quaternary 
salts of such compounds and study of their decomposition reactions in the hope that the 
point of quaternary salt formation, and hence the basic centre, might thus be disclosed. 
Combination of 4-phenyl-3-methyl-, 4-p-hydroxyphenyl-, and 3-phenyl-4-p-hydroxyphenyl- 
cinnoline with ethyl iodide proceeded readily, giving the corresponding ethiodides in reasonably 
high yields. Preliminary experiments showed that 4-p-hydroxyphenylcinnoline ethiodide (1; 
R = H) was very readily decomposed under mild alkaline conditions; an intense crimson 
coloration. was first produced, and the parent cinnoline was isolated from the reaction mixture. 
Although this result was disappointing from the point of view of the objective mentioned, the 
reaction seemed of sufficient interest to merit further study. It was then found that 
the decomposition was not alkali-catalysed, that it could be effected by cold or hot aqueous 
sodium hydroxide or carbonate and by hot ammonium hydroxide, and that acetaldehyde was a 
major product of the reaction. 

The decomposition of 3-phenyl-4-p-hydroxyphenylcinnoline ethiodide (I; R = Ph) was not 
examined in detail, but probably proceeds analogously, as the parent base was readily isolated, 
and the smell of acetaldehyde was noticeable during the reaction. It is possible that quaternary 
salts of 3: 4-benzocinnoline (II) decompose in the same way, as Ullmann and Dieterle (Ber., 
1904, 37, 23) noted that the parent base was regenerated by treatment of such salts with alkali, 
but did not investigate the reaction further. This type of reaction is strongly reminiscent of 
that shown by phenazonium salts (III) in alkaline solution; the regeneration of the parent base 
from such salts has been observed by various workers, and a more recent study of this reaction 
by McIlwain (J., 1937, 1704) has shown that it takes the course 2 BMe-OH —-> B + BHMe + 
CH,O + H,0O. 

There is thus a striking parallel between the decomposition of alkylphenazonium salts and 
that of certain alkylcinnolinium halides. However, further examination of the decomposition 
of (I; R = H) disclosed that the yield both of 4-arylcinnoline and of acetaldehyde was 70—75 
mols.% (based on quaternary salt) and thus indicated that the relationship between the reactions 
is merely qualitative. The extent to which the 25% of unrecovered cinnoline functions as 
hydrogen acceptor is unknown; identification of hydrogen as a product of reaction was not 
attempted, and the non-volatile residue, after removal of 4-p-hydroxyphenylcinnoline, was an 
oil. The properties of the latter suggested instability—for example, the oil was soluble in 
acetone giving a brilliant blue solution, the colour of which faded completely after some hours’ 
exposure to the air; this behaviour, also, is reminiscent of that shown by alkylphenazonium 
salts, which give rise to free radicals (McIlwain, loc. cit.). Qualitative similarity between the 
reactions of the two series of salts was further suggested by the observation that, under suitable 
conditions, the decomposition of the cinnolinium salt is accompanied by nuclear iodination with 
formation of x-iodo-4-p-hydroxyphenylcinnoline; this is almost certainly a case of anionoid 
substitution, which is a characteristic feature of the decomposition of phenazonium salts 
(McIlwain, loc. cit.). 

The resemblance between the decompositions of cinnolinium and of phenazonium salts is not 
unexpected in view of the vinylogous relationship existing between the location of the nitrogen 
atoms in the two heterocyclic systems. The reaction may not, however, be characteristic of all 
4-arylcinnolinium compounds; for example, 4-phenyl-3-methylcinnoline ethiodide did not show 
this behaviour, and the following observations clearly indicate that the nature of the 
4-substituent profoundly influences the reaction. 

From 6-chloro-4-aminocinnoline (Part XVII, in the press) was obtained an excellent yield of 
the methiodide (IV), which on treatment with a large excess of alkali hydroxide at room 
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temperature was converted into the methohydroxide (or pseudo-base). This substance was stable 
at room temperature, but in hot alkaline solution decomposed into ammonia and 6-chloro-1- 
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methyl-4-cinnolone (V). The structure of (V) (the major product of the reaction) follows from its 
identity with the product of the action of methyl sulphate on 6-chloro-4-hydroxycinnoline, 
whereas treatment of 4: 6-dichlorocinnoline with sodium methoxide furnished the isomeric 
6-chloro-4-methoxycinnoline (V1). The position of quaternary salt formation in 6-chloro-4- 
aminocinnoline is thus established as N,; this is, therefore, the basic centre of this substance, 
and probably of other Bz-substituted 4-aminocinnolines (Part XVII) also. 

This evidence, taken in conjunction with the properties of 4-methylcinnolines described in 
Part XII (J., 1947, 808), lends strong support to the suggestion (loc. cit.) that the basic nitrogen 
of all 4-substituted cinnolines is N,; the alternative thesis, namely that the centre of basicity 
could be shifted from N, to N, by the introduction of suitable 4-substituents, now becomes a 
more remote contingency. It should be noted, however, that formal proof of this point is still 
Jacking for 4-hydroxycinnolines; the fact that in these substances alkylation occurs at N, is 
irrelevant, because N-alkylation of any hydroxylated nitrogenous heterocyclic ring involves 
triad or pentad prototropy, irrespective of basicity. It happens that in 4-hydroxycinnolines 
N, functions in both capacities, but this need not always be so, and our experience with certain 
quinazoline derivatives (Morley and Simpson, in the press) has in fact demonstrated that in 
these compounds the positions of quaternary salt formation and N-alkylation are probably not 
identical. 

The decomposition of (IV) also gave rise to small amounts of two other substances of 
unknown structure. One of these was a neutral compound (substance X), isomeric with (V) 
and (VI), which could not be hydrolysed under mild conditions; the formation of this compound 
was apparently independent of the pH of the medium provided alkalinity was maintained. 
The other compound was an iodide, m. p. 238°, isolated from faintly acid solution. 


EXPERIMENTAL. 
(Melting points are uncorrected.) 


4-Phenyl-3-methylcinnoline Ethiodide.—A solution of the cinnoline (3 g.) in alcohol (15 c.c.) and ethyl 
iodide (7-5 c.c.) was refluxed for 4 hours. Concentration and cautious addition of ether precipitated the 
crude ethiodide, which separated from alcohol in soft, light-red needles, m. p. 206—207° [Found: C, 
53-85; H, 4-8; I (mean of several inconsistent values), 35-3. C,,H,,N,I requires C, 54-25; H, 4-55; 
I, 33-75%]. On the small scale, decomposition of the salt with aqueous sodium hydroxide at room 
temperature gave an amorphous basic solid from which no 4-phenyl-3-methylcinnoline could be isolated, 
and which did not give a crystalline picrate. 

3-Phenyl-4-p-hydroxyphenylcinnoline Ethiodides.—A suspension of the cinnoline (2-5 g.) in alcohol 
(30 c.c.) and ethyl iodide (10 c.c.) was refluxed for 7 hours, a clear dark-coloured solution being graduall 
formed. On concentration, a mixture (2:35 g.) separated, from which substantially pure monestitedide 
(0-9 g.) was obtained by recrystallisation from alcohol; the pure compound formed clusters of small 
orange leaflets, m. p. 227—-228° (decomp.) (Found: C, 58-15; H, 4-45; I, 26-35. C,,H,,ON,I requires 
C, 58-15; H, 4:2; I, 280%). It (400 mg.) was decomposed by hot n-sodium hydroxide (10 c.c.) (an 
intensely purple-crimson solution was produced) with regeneration of the original cinnoline (130 mg., 
m. p. 283—285°, mixed m. p. 284—286°); no search for other prcducts was made, but the odour of 
acetaldehyde was observed during the decomposition [cf. the decomposition of 4-p-hydroxyphenyl- 
cinnoline ethiodide (q.v.)]._ The salt gave an intense crimson solution in concentrated sulphuric acid; on 
dilution the colour faded and a precipitate was formed. 

The filtrate from the crude monoethiodide (from another experiment) was concentrated further; the 
resultant solid, after several crystallisations from alcohol, formed deep ruby-red blades, m. p. 216—217° 
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(190—195° when mixed with the monoethiodide), and from analysis rete to consist principally of a 
diethiodide (Found : C, 44-7; H, 3-25; I, 37-5. C,,H,,ON,I, requires C, 47-2; H, 4-0; I, 41- 6%). 

Addition of a drop of piperidine to an alcoholic solution of the mixed ethiodides gave an intense 
green colour, becoming deep blue-green on dilution. Addition of acid to this solution destroyed the 
colour, which was restored (purple) by ammonia or sodium carbonate with precipitation at an 
intermediate stage of an amphoteric solid. 

Preparation and Alkaline Decomposition of 4-p-Hydroxyphenylcinnoline Ethiodide.—The cinnoline 
(10 g.), alcohol (200 c.c.), and ethyl iodide (60 c.c.) were refluxed for 4 hours. The ethiodide, obtained by 
concentration, crystallised from alcohol in scarlet prisms, m. p. 237—239° (Found: C, 51-15; H, 4-15. 
C,,.H,,ON,I requires C, 50-8; H, 40%; satisfactory iodine figures could not be obtained) ; yield of 
nearly pure compound, 13 g. The salt gave a deep crimson solution in concentrated sulphuric acid, 
———s yellow on dilution. Addition of piperidine to an alcoholic solution produced a very intense 
purple colour, dischar, a by acid and restored by ammonia or sodium carbonate solution. 

e following alkaline decompositions of the salt were carried out. 

(a) A solution of the salt (1 g.) in warm water (80 c.c.) was treated with 2n-sodium carbonate (20 
c.c.) and heated at 90—95°; nitrogen was bubbled through the liquid, and the issuing gases were passed 
into a solution of 2 : 4-dinitrophenylhydrazine (0-6 g.) in 10% ET acid (66 c.c., v/v). After 1 hour 
the precipitated hydrazone was collected (0-43 g., m. p. 143—144°) and recrystallised from alcohol, 
yielding flat yellow needles, m. p. 166-5—167- 5° alone and mixed with authentic acetaldehyde 
2: 4-dinitrophenylhydrazone. The alkaline solution in the reaction flask was acidified with acetic 
acid, giving almost pure ne (0-45 g.), m. i a es: and 232—233° (alone 
and in admixture with authentic material) after crystallisation from alcoh 

(6) An experiment carried out as in (a) except that the sodium amas was replaced by 2N-sodium 
hydroxide (20 c.c.) gave 4-p-hydroxyphenylcinnoline in identical yield and purity, but only 0-15 g. of 
crude aldehyde dinitrophenylhydrazone (m. p. 129—135°). From this, a small amount of acetaldehyde 
2 : 4-dinitrophenylhydrazone, m. p. 161—163°, was obtained by the eee: crystallisation from alcohol. 
Apparently other aldehydes had been present (probably formed by self-condensation of the acetaldehyde), 
but these were not identified. The identity of the cinnoline obtained in this and the preceding 
experiment was confirmed by acetylating the combined crops; 4-p-acetoxyphenylcinnoline (preceding 
paper), m. p. and mixed m. p. 127-5—128-5°, was thus obtained. 

(c) A solution of the sa. t (2 g.) in water (240 c.c.) and 2N-sodium carbonate (40 c.c.) was left for 4 
months in an uncorked flask at laboratory temperature. The ow which had separated was collected 
and washed with water until the washings were colourless; 0-95 g.,m. p. 237—241°. As it could not be 
purified by crystallisation, the whole was acetylated (boiling acetic anhydride) and freed from solvent in 
an evacuated desiccator. The residue was repeatedly crystallised from benzene-ligroin (b. p. 60—80°), 
yielding x-iodo-4-p-acetoxyphenylcinnoline as stout, pale yellow po ° ae . p. 158—160° Found : C, 
50-2; H, 2-9; N, 7-9; I, 33:55. C,,H,,O,N,I requires C, 49-2; 2°85; N, a ‘2; I, 326%). Froma 
small-scale experiment in which the alkaline solution had stood for only 10 weeks a mixture was isolated 
which could not be purified by direct crystallisation but which (m. p. 243—244°) contained iodocinnoline 
(Found: I, 18:35. Calc. for C,,H,ON,I: I, 36-5%); pure 4-p-acetoxyphenylcinnoline was readily 
isolated by acetylation of the more soluble material. 

(ad) In other experiments in which sodium and ammonium hydroxide were used, the reaction 
mixtures were extracted with ether before acidification ; small amounts of a brown oil were thus obtained, 
which was easily soluble in acetone giving a brilliant and very intense purple solution, the colour of which 
faded perceptibly during 2 hours’ exposure to the air, and completely on standing overnight. 

(e) A solution of the salt (0-5 g.) in water (45 c.c.) and 4N-ammonia (5 c.c.) was left at laborator 
temperature for 10 weeks in an open flask. A sticky solid separated during this time, from which 
— quaternary salt was isolated (by extraction with hot water) as the only identifiable 

roduct 
6-Chloro-4-methoxycinnoline.—A solution of 4: 6-dichlorocinnoline (2 g.; this vol., p. 917) and 
sodium methoxide (0-8 g.) in methyl alcohol (50 c.c.) was refluxed for 26 minutes, cooled, acidified 
with acetic acid, and diluted with water. The ees cased was filtered off, washed, and recrystallised 
from methyl alcohol, from which 6-chloro-4-methoxycinnoline (1-5 if? separated in colourless narrow 
wlan ay p- 169-5—170° (Found: C, 55-6; H, 3-9; N, 13-9. C,H, 

14-4 

6-Chloro-1-methyl-4-cinnolone. —Methyl sulphate (2 c.c.) was added to a slightly warm solution of 
6-chloro-4-hydroxycinnoline (2 g.; J., 1945, 520) in aqueous potassium hydroxide (20%, 40c.c.). The 
mixture was heated on the steam-bath, separation of the product (2 g., m. p. 188—200°) occurring almost 
immediately. After several crystallisations from water containing a little 2n-hydrochloric acid, and 
finally from alcohol, 6-chloro-1-methyl-4-cinnolone separated in stout, pale yellow, brittle needles, m. p. 
921 999° after previous shrinking (Found: C, 55-85; H, 4:0; N, 14:2. C,H,ON,Cl requires C, 55-5; 
H, 3-6; N, 144%). Although the free base separates from dilute hydrochloric acid, it is distinctly more 
soluble therein than in water alone (from which it forms long, silky needles). 

Preparation and Alkaline Decomposition of 6-Chloro-4-aminocinnoline Methiodide.—Prepared from 
6-chloro-4-aminocinnoline (Part XVII, in the press) (8 g.), alcohol (100 c.c.), and methyl iodide (20 c.c.) 
(34 hours under reflux), 6-chloro-4-aminocinnoline methiodide (crude — 12-1 g.) crystallised from hot 
water in long, saffron-coloured needles, m. p. 225—226° (decomp.) (Found : C, 32-35; H, 3-8; N, 12-5. 
C,H,N,CII,0-5H,O requires C, 32-7; H, 3-05; N,12-7%. Halogen determinations were unsatisfactory). 
The following procedure was the outcome of several preliminary experiments. 

A solution of the salt (4 g.) in water (160 c.c.) was treated with 2n-sodium hydroxide (100 c.c.) and 
left at laboratory temperature. The dark oil which soon separated from the green solution changed 
overnight to a mass of soft, almost colourless needles, which (1-5 g.) were filtered off (filtrate A) and, 
without purification (the substance was unstable and could not be recrystallised), dissolved in 50% 
aqueous acetic acid (10 c.c.) (solution B). One half of this solution was brought to pH 9 with sodium 
hydroxide and boiled gently for } hour; a little ammonia was evolved. The solution was diluted 

50 


ON,Cl requires C, 55-5; H, 3-6; 
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somewhat with water and filtered hot (charcoal) ; a solid separated on cooling, which on recrystallisation 
from water yielded substance X in long, colourless needles, m. p. 162—163°, which gave a positive 
Beilstein halogen test (Found: C, 55-9; H, 3:7; N, 14-4, 14-7. C,H,ON,Cl requires C, 55-5; H, 3-6; 
N, 14:4%). This substance was less soluble in water than 6-chloro-1-methyl-4-cinnolone, and c: i 
well from benzene. It gave a marked depression in melting point when mixed with 6-chloro-4-methoxy- 
cinnoline. It showed no basic or acidic properties, and was unaffected by short boiling with dilute 
hydrochloric acid or sodium hydroxide. The first filtrate from substance X was made alkaline to 
thymolphthalein (sodium hydroxide) and boiled; ammonia was again evolved, and recrystallisation 
(water; charcoal) of the solid which separated from the hot solution yielded 6-chloro-l-methyl-4- 
cinnolone, m. p. and mixed m. p. 220—221°. The other half of solution B was made strongly alkaline 
with sodium hydroxide and boiled; substance X and 6-chloro-1-methyl-4-cinnolone were separated (by 
the use of dilute hydrochloric acid) and identified (m. p. and mixed m. p.). 

Filtrate A was divided into 2 parts. One was decomposed at pH 11 by boiling, and yielded ammonia, 
6-chloro-1-methyl-4-cinnolone, and substance X. The other part was brought to pH 6 with acetic 
acid, boiled for 20 minutes, and concentrated on the steam-bath to 2/3 volume. The mixture which 
separated gave 6-chloro-l-methyl-4-cinnolone as the least soluble component, and the early filtrates 
from this compound contained an iodide; this salt, after several crystallisations from alcohol, formed 
yellow rosettes of small needles, m. p. 237—-238° (Found : C, 43-05; H, 3-95; N, 12-6%). 

Similar results to the above were obtained when the original treatment of the quaternary salt with 
sodium hydroxide was performed under nitrogen. 


The author is indebted to Imperial Chemical Industries Limited (Dyestuffs Division) for various 
facilities, and to the Council of the Durham Colleges for a grant from the Research Fund during the early 
part of this investigation. 
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330. Miscellaneous Thiazoles. 


Epwarp B. Knott. 


Derivatives of 4-0-carboxyphenylthiazole (I) and 4-phenylthiazole-5-carboxylic acid (II) 
prepared by standard methods could not be cyclised to indonothiazoles (III). Phenyldithio- 
biuret and a-halogeno-ketones react together to give azamethin bases (IV). A few new thiazyl 
sulphides have been prepared. 2-Chloroacetylfuran and 2-bromoacetylfuran have been obtained 
crystalline and converted into derivatives of 4-(2’-furyl)thiazole (V1). 2-Chloroacetylpyrrole 
condenses normally with thiourea and normally with thioacetamide in the presence of alkali 
to give derivatives of 4-(2-pyrryl)thiazole (VII), but abnormally with alkyl dithiocarbamates 
to give di-(2-pyrroylmethyl) sulphide (VIII). 


TuE formation of polycarbocyclic thiazoles by intramolecular ring closure of 4-arylthiazole-5- 
acetic acids has been reported recently (Knott, J., 1945, 455). In attempts to prepare indono- 
thiazoles (III) by analogous methods two types of intermediate were required, namely, a 
4-0-carboxyphenylthiazole (I) and a 4-phenylthiazole-5-carboxylic acid (II; R’ =H). (I) was 
readily prepared from o-carboxyphenacyl bromide and (II; R’ = Et) from ethyl «-bromo- 
benzoylacetate or the chloro-analogue (Hirst, Macbeth, and Traill, Proc. Roy. Irish Acad., 
1925, 87B, 47). Hydrolysis of (II; R = Me, R’ = Et) gave the required acid, but where 
R = NH, simultaneous loss of carbon dioxide gave 2-amino-4-phenylthiazole. Ethyl «-bromo- 
benzoylacetate condensed with ethyl and isopropylthioncarbamates to give ethyl 2-hydroxy-4- 
phenylthiazole-5-carboxylate (II; R= OH, R’ = Et); the simultaneous loss of the alkyl 
group was also observed by Hantzsch and Hubacher (Amnalen, 1890, 259, 250) whilst employing 
chloroacetone. 


7\coH oP Vy, 
Oc OT O8y, 
(I. 


(II.) (III.) 


All cyclisation experiments on the acids or esters were unsuccessful. 

The condensation of dithiomalonamides with a-halogeno-ketones has been described by 
Lehr, Guex, and Erlenmeyer (Helv. Chim. Acta, 1944, 27, 972) who thus obtained dithiazolyl- 
methanes. Some time ago an analogous reaction was applied to phenyldithiobiuret which 
condensed very readily with chloroacetone and phenacyl bromide to give azamethin bases (IV). 
Where R = Me (IV) formed an ethiodide which is [2-(4-methyl-3-ethylthiazole)][2-(3-phenyl- 

















[1947] Knott: Miscellaneous Thiazoles. 1657 


4-methylthiazole)|azamethincyanine iodide (V). This pale yellow dye does not sensitise a 
photographic silver chloride emulsion. 


H,-Hal ‘ 
. _ a” aioe il > roe 


(Iv.) Ph 
Mell 4 aa I IMe (v,) 
Et” “I Ph 


Using the method of Buchman, Reims, and Sargent (J. Org. Chem., 1941, 6, 764) for the 
direct formation of 2-alkylthiothiazoles by the condensation of chloroacetone and methyl 
dithiocarbamate, 2-alkylthio-4-phenylthiazoles and 2-benzylthio-4-phenylthiazole have been 
prepared. 

As intermediates for photographic sensitising dyes, 4-(2’-furyl)-* and 4-(2’-pyrryl)-thiazoles 
containing a reactive substituent in the 2-position were required. 

2-Chloroacetylfuran, one of the intermediates for the preparation of the above thiazoles, 
has been obtained as an oil by Gilman and Burtner (J. Amer. Chem. Soc., 1935, 57, 911), and 
by Burger and Harnest (ibid., 1943, 65, 2382); it has now been found to crystallise readily at 
room temperature as did also 2-bromoacetylfuran. 2-Chloroacetylpyrrole, the second required 
intermediate, was obtained in 20% yield from pyrrole and chloromethyl cyanide by Blicke, 
Faust, Gearien, and Warzynski (J. Amer. Chem. Soc., 1943, 65, 2465). Using this method with 
slight variations, a 35% yield was obtained. 

The halogeno-acetylfuran condensed normally with thiourea, thioacetamide, and methyl 
dithiocarbamate to give the 2-amino-, 2-methyl-, and 2-methylthio-derivatives of 4-(2’-furyl)- 
thiazole (VI; R = NH,, Me, SMe). 


L. R UG Ar (C,H,N-CO-CH,),S 
H 


(VIII.) 
(VI.) (VIL.) 


2-Chloroacetylpyrrole condensed normally with thiourea giving the hydrochloride of 
2-amino-4-(2’-pyrryl)thiazole (VII; R = NH,) as sole product. With thioacetamide, however, 
condensation in alcohol gave a deep red solution, and the resultant product was difficult to purify. 
The formation of dye was prevented, however, in the presence of alkali carbonate and the 
main reaction product was the expected 4-(2’-pyrryl)-2-methylthiazole (VII; R = Me) although an 
appreciable amount of a crystalline solid was obtained, which was not volatile in steam. With 
methyl dithiocarbamate the chloro-ketone gave chiefly a purple dye in the absence of alkali. 
The addition of alkali carbonate again prevented dye formation, but the product obtained was 
identical with the by-product obtained in the thioacetamide condensation. It is di-(2-pyrroyl- 
methyl) sulphide (VIII). The same product was obtained from the chloro-ketone and ethyl 
dithiocarbamate, ammonium dithiocarbamate, or sodium sulphide. The mechanism of this 
abnormal reaction is probably analogous to the formation of substituted diquinolyl sulphides 
from chloroquinolines and thiourea (Rosenhauer, Hoffmann, and Heuser, Ber., 1929, 62, 2730; 
Renfrew, J. Amer. Chem. Soc., 1946, 68, 1433) and of other diheterocyclyl sulphides from 
heterocyclyl chlorides and thiourea (Surrey and Lindwall, J]. Amer. Chem. Soc., 1940, 62, 1697; 
Watt, J. Org. Chem., 1939, 4, 436). 


EXPERIMENTAL 


(Analyses are by Drs. Weiler and Strauss, Oxford: m. ps. are not corrected.) 


4-0-Carboxyphenyl-2-methylihiazole (I; R = Me A mee Leng bromide (1-22 g.; 0-005 
mol.) (Gabriel and Michael, Ber., 1877, 10, 1551) and thioacetamide (0-375 g.; 0-005 “ag gave the 
hydrobromide on refluxing together for 15 minutes in isopropyl alcohol (2-5 c.c.). The base, m. 
143—147°, formed col needles from aqueous methyl alcohol (Found: S, 14-5. C,,H,0 S 
requires S, 14-65%). 2-Amino-4-0-carboxyphenylthiazole (I; R = NH,), obtained similarly from thiourea 
(0-38 g.), formed soft needles, m. p. 174° (decomp.), from alcohol. The needles contained solvent of 

tallisation removed by drying at 115°/20 mm. : S, 14-7. Cy 9H,O,N,S requires S, 14-55%). 

4-Phenyl-2-methylthiazole-5-carboxylic Maeda (II; ve. Me, R’ = H).—Thioacetamide (0-75 g.; 
0-01 mol.), ethyl a-bromobenzoylacetate (2-6 g. ; Foi mol.), and ésopropy: alcohol (10 c.c.) were refluxed 


* Since this paper was written, B.P. 571,077 has appeared describing the condensation of 2-bromo- 
acetylfuran (obtained by bromination of 2-acetylfuran) with thioacetamide to give 4-(2’-furyl)-2-methyl- 
thiazole. 
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for 15 minutes, diluted with aqueous sodium carbonate, and the precipitated oil taken up in ether which 
was dried, the ether then being removed. The oil could not be crystallied. It was dissolved in alcohol 
(5 c.c.) and shaken with 10% aqueous hydroxide (2 c.c.), then allowed to stand for 3 hours. The acid 
obtained on acidification formed pink tablets, m. p. 216° (decomp.), from alcohol (Found: S, 14-45. 
C,,H,O,NS requires S, 14-65%). 

Ethyl 2-Amino-4-phenylthtazole-5-carboxylate——This, obtained similarly from ethyl a-bromobenzoyl- 
acetate and thiourea, formed thick, pale yellow needles, m. p. 173° (Hirst et al., loc. cit., give m. p. 173°) 
from methyl alcohol (Found: S, 12-65. Calc. for C,,H,,0,N,S: S, 12-9%). The ester (1-0 g.) was 
dissolved in hot alcohol (20 c.c.), 10% aqueous sodium hydroxide (2 c.c.) was added, and after 30 minutes 
at 50° the solution was neutralised with dilute acetic acid, giving colourless needles of 2-amino-4-phenyl- 
thiazole, m. p. 151°, not depressed on admixture with authentic specimen obtained from phenacyl 
bromide and thiourea (Found: S, 17-95. Calc. for C,H,N,S: S, 18-2%). 

Ethyl 2-Hydroxy-4-phenylthiazole-5-carboxylate (Il; R= OH, R’ = Et).—Ethyl a-bromobenzoyl- 
acetate (2-6 g.; 0-01 mol.), ethyl thioncarbamate (1-05 g.; 0-01 mol.) or isopropyl thioncarbamate 
(1-19 g.), and isopropyl alcohol (5 c.c.) were boiled together for a few minutes. The liquor clouded and 
deposited pale yellow needles, which then formed colourless needles from alcohol, m. p. 202°, soluble 
in ammonia (Found: S, 12-9. C,,H,,0,;NS requires S, 12-85%). ‘ 

Azamethin(2-(4-phenylthiazole)|(2-(3 : 4-diphenyl-2 : 3-dihydrothiazole)| (IV; R = Ph).—Phenacyl 
bromide (0-4 g.; 0-002 mol.) was added to a hot solution of phenyldithiobiuret (0-215 g.; 0-01 mol.) 
in absolute ethyl alcohol (10 c.c.) and refluxed for 15 minutes. To this solution was then added 
anhydrous sodium carbonate (1-1 g.) and the mixture refluxed for a further 15 minutes. Addition 
of water (100 c.c.) precipitated the base as a solid which formed colourless needles (0-4 g.), m. p. 228— 
230°, from benzene-light petroleum (Found: C, 70:7; H, 4:1; N, 9-85. C,,H,,N,S, requires C, 70-0; 
H, 4:15; N, 10:2%). The dihydrobromide was obtained if the carbonate addition was omitted and 
the mixture concentrated after 1 hour. From isopropyl alcohol it formed yellow prisms, m. p. 152° 
(Found: HBr, 28-25. C,,H,,N,S,,2HBr requires HBr, 28-25%). 

Azamethin(2-(4-methylthiazole) || 2-(3-phenyl-4-methyl-2 : 3-dihydrothiazole)| (IV; R = Me).—By pro- 
ceeding as above but using phenyldithiobiuret (1-07 g.) and chloroacetone (0-92 g.), the base was obtained 
as faintly yellow needles, m. p. 170—171°, from alcohol (Found: S, 22-25. C,,H,,N;S, requires S, 
22-35%). 

12. fA Methyl-3-ethylthiazole))[2-(8-phenyl-4-methylthiazole) lazamethincyanine Iodide (V).—The base 
(IV; R = Me) (1 g.) and ethyl iodide (1 c.c.) were heated for 8 hours in a sealed tube on the steam-bath. 
From methanol the ethiodide formed yellow needles, m. p. 190—192° (Found: S, 14-7. C,,H,,N,IS, 
requires S, 14-45%). 

2-Alkylthio- and 2-Benzylthio-4-phenylthiazoles—Molar quantities of phenacyl bromide and the 
dithiocarbamic ester were refluxed for 15 minutes in ethyl alcohol. The hydrobromides were obtained 
on concentration. 2-Methylthio-4-phenylthiazole was obtained in colourless needles, m. p. 24°, from 
benzene (Levi, Gazzetta, 1931, 61, 719, describes it as an oil) (Found: S, 30-8. Calc. for C,,H,NS, : 
S, 30-95%). The hydrobromide formed colourless prisms, m. 2 194—196°, from isopropyl alcohol. 
The crystals contain the solvent, removed at 115° (Found: S, 22-3. C,)H,,NBrS, requires S, ee 
2-Ethylthio-4-phenylthiazole was obtained as a viscous oil, b. p. 300° (partial decomp.) (Found: S, 29-9. 
C,,H,,NS, requires S, 28:3%). The hydrobromide formed colourless needles, m. p. 167—169°, from 
isopropyl alcohol. The crystals contain solvent removed at 115° (Found: S, 21-35. C,,H,,NBrS, 
requires S, 21-25%). 2-Benzylthio-4-phenylthiazole formed glassy crystals, m. p. 56—57°, from benzene— 
light petroleum (Found: S, 22-5. i6H4,NS, requires S, 22-65%). Its hydrobromide had m. p. 192°. 

2-Halogenoacetylfurans.—The method employed was essentially that of Burger et al. (loc. cit.). The 
furoyl chloride was treated with ethereal diazomethane until the powerful lachrymatory action of the 
chloride could not be detected on removing a spot of the reaction mixture. Dry hydrogen chloride 
or bromide was used to decompose the diazo-compound. 2-Chloroacetylfuran, b. p. 125°, solidified 
after distilling twice. From benzene-light petroleum it formed colourless leaflets, m. p. 30-5°, in 86% 
yield (Found : Cl, 24:25. Calc. for C,H,O,Cl: Cl, 24-55%) (Burger et al. report b. p., 93—108°; Gilman 
et al. b. P.g7 127—129°). 2-Bromoacetylfuran, b. Pp. 126°, formed colourless leaflets, m. p. 34°, from 
benzene-light petroleum in 87% yield (Found: Br, 42-15. C,H,O,Br requires Br, 42-4%). 

2-Amino-4-(2’-furyl)thiazole—Thiourea (0-38 g.; 0-005 mol.) and chloroacetylfuran (0-722 g.; 
0-005 mol.) were dissolved in hot ethyl alcohol (5 c.c.), anhydrous sodium carbonate (0-026 g.; 0-025 
mol.) was added, and the mixture refluxed for 5 minutes. On addition of water the thiazole separated. 
From benzene-light petroleum it formed glistening flat needles, m. p. 124-5°, in 95% yield (Found : 
S, 19-45. C,H,ON,S requires S, 19-3%). 

4-(2’-Furyl)-2-methylthiazole—Thioacetamide (7-5 g.; 0-1 mol.) and 2-bromoacetylfuran (18-9 g.; 
0-1 mol.) were covered with ethyl alcohol (20 c.c.) and warmed gently. Heat was suddenly evolved 
and after cooling, the required hydrobromide separated, the precipitation being completed by addition 
of ether. It formed pale brown needles, m. 2. 194—196°, from methanol-ether in 87% yield (Found : 
Br, 32:6; S, 12-85. C,H,ONBrS requires Br, 32-5; S, 13-05%). The base was obtained as an oil, 
b. p.ge 128°, ing a strong thiazole odour * (Found: S, 19-35. C,H,ONS requires S, 19-4%). 

2-Methylthio-4-(2’-furyl)thiazole—Obtained as for the 2-methyl analogue, the hydrobromide (70% 
yield) formed tiny plates, m. p. 208—210° (decomp.), from ethyl alcohol-ether (Found: Br, 28-9. 
C,H,ONBrS, requires S, 28-95%). The base was obtained as a heavy oil, b. p.,, 177°, with an odour 
like that of mushrooms (Found: S, 32-4. C,H,ONS, requires S, 32-55%). 

2-Chloroacetylpyrrole-—The procedure according to Blicke et al. (loc. cit.) was followed, but the reaction 
mixture of the ketimine hydrochloride was allowed to stand for 18 hours before filtration, the hydrolysis 
solution made neutral to Congo-red with sodium acetate before being heated, and the required product 
extracted from the resin by repeated refluxing with carbon tetrachloride. With these variations, a 
36% yield was obtained. 


* B.P. 571,077 gives b. p.,, 120—130° but no analysis. 
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2-A mino-4-(2’-pyrryl)thiazole-—Obtained like the furyl analogue, the base formed creamy needles, 
m. p. 160°, from hot water (Found: N, 24-9; S, 19-4. C,H,N,S requires N, 24-45; S, 19-4%). The 
hydrochloride, m. p. 200° (decomp.), formed greenish needles from alcohol. 

4-(2’-Pyrryl)-2-methylthiazole.—Thioacetamide (1-5 g.; 0-02 mol.) and 2-chloroacetylpyrrole (2-87 g. ; 
0-02 mol.) were dissolved in warm ethyl alcohol (10 c.c.) and excess of anhydrous sodium carbonate 
(1-0 g.) was added. The whole was refluxed for 30 minutes, the flask being shaken well every time a 
red coloration developed. On dilution with water an oil was precipitated which solidified. The solid 
(3-2 g.) was subjected to steam distillation giving 2-5 g. of the steam-volatile thiazole, obtained as glassy 
aggregates, m. p. 94—95°, from methanol (Found: S, 19-85. C,H,N,S requires S, 19-55%). It can 
also be purified by distillation (b. p.. 171°) or by recrystallisation of the crude condensate from methanol. 
The residue from the steam distillation (0-5 g.) formed colourless needles, m. p. 179°, from acetone. 

Di-(2-pyrroylmethyl) Sulphide—(a) 2-Chloroacetylpyrrole (1-435 g.; 0-01 mol), and methyldithio- 
carbamate (1-07 g.; 0-01 mol.) or ethyl dithiocarbamate (1-21 g.), were dissolved in warm ethyl alcohol 
(5 c.c.) and, after the addition of anhydrous sodium carbonate (1-0 g.) to avoid dye formation, the whole 
was refluxed for 30 minutes. The precipitate obtained on dilution with water gave needles on recrys- 
tallisation from alcohol, m. p. 179—180°, which fluoresced yellow in ultra-violet light. They were 
identical with the by-product from the thioacetamide condensation. 

(b) Equimolecular amounts of 2-chloroacetylpyrrole and ammonium dithiocarbamate were refluxed 
in alcohol for 10 minutes. Ammonium chloride was precipitated. On dilution with water the sulphide 
was precipitated, m. p. 179°, mixed m. p. with (a) 179°. 

(c) 2-Chloroacetylpyrrole (2 mol.) and sodium sulphide (1 mol.) gave the sulphide after being refluxed 
for 10 minutes in alcohol. The product had m. p. 179° and did not depress the m. p. of the specimens 
obtained under (a) and (b) (Found: C, 58-25; H, 4:8; N, 11-2; S, 12-95. C,,H,,0,N,S requires 
C, 58-05; H, 4:85; N, 11-3; S, 12-95%). 


RESEARCH LABORATORIES, KODAK LIMITED, 
WEALDSTONE, HARROW, MIDDLESEX. [Received, January 17th, 1947.]} 





331. Attempts to find New Antimalarials. Part XXVI. Further 
Derivatives of p-Phenanthroline. 


By Bryce Douctas, REx G. Jacoms, and WiLt1AM O. KERMACK. 


2-Chloro-p-phenanthroline has been prepared by the action of phosphorus oxychloride and 
pentachloride on (a) 1-methyl-p-phenanthrol-2-one (II) and (b) 2-hydroxy-p-phenanthroline 
(I; R = OH). The former was prepared either by the oxidation of p-phenanthroline methiodide 
with alkaline ferricyanide or from 6-amino-l-methylcarbostyril by Skraup reaction; 
(I; R = OH) was similarly prepared from 6-aminocarbostyril. Phosphorus oxychloride reacts 
with p-phenanthroline N-oxide to yield 2-chloro-p-phenanthroline (I; R = Cl), and with 
p-phenanthroline di-N-oxide to yield 2 : 7-dichloro-p-phenanthroline, which was independently 
synthesised by the action of phosphorus oxychloride and pentachloride on 2 : 7-diketo-1 : 8- 
dimethyl-1 : 2 : 7 : 8-tetrahydro-p-phenanthroline (III) obtained by oxidising the methiodide 
of 1-methyl-p-phenanthrol-2-one. Derivatives of p-phenanthroline with basic side chains 
have been prepared by condensation of 2-chloro-p-phenanthroline with appropriate amines. 


CERTAIN derivatives of p-phenanthroline, including a number carrying basic side chains in 
positions 2 and 4, have been described by Kermack and Weatherhead (j., 1940, 1164). 
2-Chlovro-p-phenanthroline (I; R = Cl) has now been prepared by oxidising the methiodide of 
p-phenanthroline with alkaline ferricyanide to 1-methyl-p-phenanthrol-2-one (II) followed by 
treatment of this with phosphorus oxychloride containing phosphorus pentachloride. That the 
chlorine atom in this compound is in fact in the 2-position was proved by preparing it from 
6-aminocarbostyril, which by means of a Skraup reaction was converted into 2-hydroxy-p- 
phenanthroline (I; R = OH), and the latter with phosphorus oxychloride and pentachloride 
readily yielded the same chloro-p-phenanthroline as that obtained by the other route. Further 
confirmation was obtained by an independent synthesis of 1-methyl-p-phenanthrol-2-one by 
means of a Skraup reaction on 6-amino-1-methylcarbostyril. 
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e (II.) (III.) 
An entirely different route for the synthesis of 2-chloro-p-phenanthroline has also been 
explored, similar to that used by Kermack and Tebrich (jJ., 1945, 375) for the synthesis of 
2-chloro-m-phenanthroline. When ~-phenanthroline was treated with approximately 1 mol. of 
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perbenzoic acid the mono-N-oxide, m. p. 232—233°, along with some impure di-N-oxide was 
obtained. The di-N-oxide, m. p. 324—325°, was isolated from an experiment in which a larger 
proportion of perbenzoic acid was used. Evans and Linsker (J. Amer. Chem. Soc., 1946, 68, 
403) claim to have formed the di-N-oxide by the action of hydrogen peroxide on the base in 
acetic acid, but their m. p. (308°) is lower than ours. The action of phosphorus oxychloride on 
the mono-N-oxide gave 2-chloro-p-phenanthroline as main product; by treating the di-N-oxide 
in a similar way a compound, m. p. 315—316°, was isolated which was shown to be 2 : 7-dichloro- 
p-phenanthroline in the following way. The methiodide of 1-methyl-p-phenanthrol-2-one was 
oxidised with alkaline ferricyanide to 2: 7-diketo-1 ; 8-dimethyl-1 : 2: 7 : 8-tetrahydro-p-phenan- 
throline which, when heated in a sealed tube at 150° for 24 hours with phosphorus oxychloride 
and pentachloride, yielded 2 : 7-dichloro-p-phenanthroline identical with a compound isolated 
from the product of the action of phosphorus oxychloride on the di-N-oxide of p-phenanthroline. 
An attempt was made to form the dimethiodide of -phenanthroline by treating the base with 
methyl iodide under a variety of conditions including heating with a large excess of methyl 
iodide in nitrobenzene in a sealed tube, but the product consisted practically entirely of the 
monomethiodide. 

As expected, 2-chloro-p-phenanthroline reacted readily with primary amines to form com- 
pounds such as 2-(2-diethyaminoethylamino)-, 2-(3-diethylaminopropylamino)-, and 2-(4- 
diethylamino-1-methylbutylamino)-p-phenanthroline, characterised respectively as trihydro- 
bromide, trihydrobromide, and tris-3 : 5-dinitrobenzoate. 


EXPERIMENTAL 


p-Phenanthroline Methiodide.—p-Phenanthroline (25 g.) was heated under reflux with methyl iodide 
(100 c.c.) in nitrobenzene (250 c.c.) for 2 hours on a water-bath. Yellow needles of the methiodide 
separated during the reaction, and on cooling a further amount was deposited; the combined products 
were dried in a vacuum and recrystallised from water; yield 38 g.,m. p. 270—271° (Found: I, 38-7. 
C,,;H,,N,I requires I, 39-4%.) 

1-Methyl-p-phenanthrol-2-one.—(a) A mixture of 6-amino-l-methylcarbostyril (3-9 g.), 69% sulphuric 
acid (42 g.), 80% arsenic acid (12 g.), and 90% glycerol (7-2 g.) was refluxed in an oil-bath for 24 hours 
at 150°. The mixture, after dilution with an equal bulk of water followed by filtration, was made 
strongly alkaline with 10N-sodium hydroxide solution, and the precipitate collected. This brown solid 
was purified by prolonged extraction with ether (Soxhlet), the ether yielding 2-5 g., long yellow needles 
of 1-methyl-p-phenanthrol-2-one, m. p. 242° (Found: C, 74:2; H, 5-0. C,,;H,,ON, requires C, 74-3; 
H, 48%). : 

(b) + solution of potassium ferricyanide (21-9 g. in 200 c.c. of water) were added alternately small 
portions of solutions of p-phenanthroline methiodide (9 g. in 500 c.c. of water) and sodium hydroxide 
(4-2 g. in 100 c.c. of water). When the addition of both solutions had been completed, the mixture was 
set aside for } hour and then made strongly alkaline with 10N-sodium hydroxide (250 c.c.). The yellow 
precipitate was collected, dried on a porous plate, and extracted for 3—4 hours with benzene (250 c.c.) 
under reflux. After filtration, the process was repeated twice. On cooling, the benzene deposited 4-5 g. 
of a light yellow material, m. p. 245—246°, and on concentration a further 0-6 g. was obtained, m. p. 
245—246°, mixed m. p. with 1-methyl-2-p-phenanthrolone, prepared as above, 243—244°. 

2-H ydroxy-p-phenanthroline—A mixture of 6-aminocarbostyril (2-6 g.), arsenic acid (3-2 g.), 
concentrated sulphuric acid (4-4 g.), and glycerol (4-8 g.) was refluxed gently for 5 hours, then diluted 
with water to aout 50 c.c. An inorganic brown solid (0-5 g.) was filtered off, and the filtrate, on 
neutralization with 10N-sodium hydroxide solution, deposited a brown solid which redissolved in excess 
of sodium hydroxide. The alkaline solution was neutralised with acetic acid and the precipitate which 
formed was filtered off, yielding 2-7 g. of a brown solid, m. p. 305—310°. Recrystallised several times 
from ethanol, 2-hydroxy-p-phenanthroline formed yellow needles, m. p. 302—303° (Found : C, 66-75; 
H, 5-0. C,,H,ON,,H,O requires C, 67-3; H, 4:7%.) ° 

2-Chloro-p-phenanthroline.—(1) From 2-hydroxy-p-phenanthroline. A mixture of 2-hydroxy-p- 

henanthroline (1 g.), phosphorus pentachloride (1 g.), and phosphorus oxychloride (10 c.c.) was refluxed 
i 32 hours in an oil-bath, almost complete solution then having taken place. The excess of oxychloride 
was removed by distillation in a vacuum, and the resulting mass treated with about 100 c.c. of water. 
Traces of a reddish oil separated and were removed by filtration. After the filtrate had been made 
slightly alkaline with 10N-sodium hydroxide solution, the white flocculent precipitate was filtered off 
and dried on the water-bath; yield 1-2 g. Recrystallised from aqueous ethanol, this yielded 0-7 g. of 
long white needles of 2-chloro-p-phenanthroline, m. p. 189—190° (Found: C, 66-6; H, 3-7. C,,H,N,Cl 
requires C, 67-1; H, 33%). 

(2) From 1-methyl-p-phenanthrol-2-one. A mixture of PP py oy aid ho (8 g.), 
phosphorus pentachloride (8 g.), and phosphorus oxychloride (48 c.c.) was divided into two parts and 
heated in two sealed tubes for 5 hours at 150°. After removal of excess of oxychloride by distillation 
in a vacuum, the reddish product was treated with ice, the solution made alkaline with ammonia, and 
the precipitate collected, washed with water, and dried on the water-bath, yielding 3-6 g. of a greyish- 
brown powder, m. p. 188°; recrystallised from ligroin, it formed white needles, m. p. 191° (Found: C, 
67-1; H, 3-6%), showing no depression on admixture with a sample perpered as in (1). 


p-Phenanthroline N-Oxide.—p-Phenanthroline (10 g.,m. p. 172°), dissolved in dry chloroform (60 c.c.), 


was mixed with a solution of perbenzoic acid (8 g.) in chloroform (420 c.c.) (prepared as in Org. Synth., 
Coll. Vol. I, lst edn., p. 422). The mixture was kept below 0° for 24 hours, the chloroform removed, the 
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residue extracted four times with 10-c.c. portions of 2n-hydrochloric acid, and the extract rendered 
alkaline and extracted with chloroform (10-c.c. portions). The first six extracts on removal of the 
chloroform yielded material, m. p. 200—210° (4-5 g.), which after two recrystallisations from ethanol 
yielded white needles of p-phenanthroline N-oxide, m. p. 233—234° (3-5 g.) (Found: C, 73-8; H, 4-2. 
C,,H,N,O requires C, 73-5; H, 4:1%). Further chloroform extracts yielded some impure di-N-oxide 
(2 g.). 
p-Phenanthroline Di-N-oxide.—p-Phenanthroline (10 g., m. p. 172°), dissolved in dry chloroform 
(60 c.c.), was mixed with a solution of perbenzoic acid (12 g.) in chloroform (1030 c.c.) and kept below 0° 
for 2days. Pale yellow needles, which separated, were collected, drained, washed with chloroform, and 
dried (11 g., m. p. 320—321°). The filtrate was evaporated to dryness, the residue extracted three times 
with 10-c.c. portions of 2N-hydrochloric acid, and the extract made alkaline with 10N-sodium hydroxide 
solution and extracted with chloroform. On removal of the chloroform, 0-2 g. of m. p. 309—310° was 
obtained. The total crude product was recrystallised from hot water, yielding white needles (8-8 g., 
m. p. aime Leto : C, 68-3; H, 41; N, 13-7. Calc. for C,,H,O,N,: C, 67-9; H, 3-8; N, 13-2%). 

2-Chloro-p-phenanthroline from p-Phenanthroline N-Oxide—Phosphorus oxychloride (3 c.c.) was 
added to the dry oxide (1 g., m. p. 232—-233°), heat being evolved. The mixture was refluxed for 2 hours 
at 120—125°, the excess of oxychloride removed in a vacuum, and the greyish syrup treated with cold 
water (25 c.c.). The solution was rendered alkaline with 10N-sodium hydroxide solution, the deposited 
solid collected after 24 hours, drained, washed with water, dried, and recrystallised from ethanol; yield 
0-3 g., m. p. 190—191° undepressed on admixture with a specimen prepared as above. 

2-Keto-1-methyl-1 : 2-dihydro-p-phenanthroline Methiodtde.—1-Methyl-p-phenanthrol-2-one (0-6 g.) 
was heated under reflux with methyl iodide (4 c.c.) in nitrobenzene (10 c.c.) for 8 hours on a water-bath. 
The mixture was cooled, and the crystals collected, washed with fresh nitrobenzene, and dried, m. p. 
289—290°. Recrystallisation from methanol gave yellow needles of 2-keto-l-methyl-1 : ot ane: 
x. methiodide, m. p. 290—291° (Found: C, 47-9; H, 3-9. C,,H,,N,I requires C, 47-7; 

» 3°7%). 

2: Py iketo-1 : 8-dimethyl-1 : 2: '7 : 8-tetrahydro-p-phenanthroline.—A solution of sodium hydroxide 
(0-3 g.) in water (7-2 c.c.) and a solution of potassium ferricyanide (1-6 g.) in water (15 c.c.) were added 
alternately to a solution of 1-methyl-p-phenanthrol-2-one methiodide (0-7 g.) in water (36 c.c.), and the 
solution kept for 4} hour at room temperature. The deposited crystals were collected and 10Nn-sodium 
hydroxide solution (18 c.c.) was added to the filtrate, whereupon more crystals separated; recrystallis- 
ation of the crude material from water gave yellow needles of 2 : 7-diketo-1 : 8-dimethyl-1 : 2:7: 8- 
tetrahydro-p-phenanthroline (0-4 g.,m. p. 363—364°) (Found : C, 67-0; H, 5-1; N,11-3. C,,H,,0,N,,4H,O 
requires C, 67-5; H, 5-2; N, 11-2%). 

2 : T-Dichloro-p-phenanthroline.—(1) A mixture of the foregoing compound (0-2 g.), phosphorus penta- 
chloride (1 g.), and phosphorus oxychloride (3 c.c.) was heated in a sealed tube for 24 hours at 150°. 
The excess of oxychloride was decomposed with iced water, and the solution made strongly alkaline with 
10n-sodium hydroxide solution. The deposited greyish material was collected, washed with water, dried 
in a vacuum, extracted with hot ethanol, and the concentrated extract allowed to crystallise, yielding 
white needles, m. p. 310—311°; further crystallisation from ethanol yielded 2 : 7-dichloro-p-phenanthroline, 
m. p. ert (Found: C, 536; H, 2-7; N, 10-1. C,,H,gN,Cl,,H,O requires C, 53-9; H, 3-0; 
N, 10-5%). 

(2) Phosphorus oxychloride (24 c.c.) was added to dry p-phenanthroline di-N-oxide (2 g.), heat being 
evolved. The mixture was heated at 125° for 5 hours, the excess of oxychloride removed in a vacuum, 
and the residue dissolved in 11Nn-hydrochloric acid (40—50 c.c.) to give a muddy brown solution which 
was rendered alkaline with 10n-sodium hydroxide solution to precipitate whitish material which was 
collected and dried, m. p. 240—250°. Prolonged extraction (1 day) with hot ethanol yielded 1 g. of 
material, m. p. 300—310°, which on recrystallisation from ethanol yielded 0-2 g. of 2: 7-dichloro-p- 
phenanthroline, m. p. 315—316°; mixed m. p. with a sample prepared as above showed no depression. 

2-(2-Diethylaminoethylamino)-p-phenanthroline.—2-Chloro-p-phenanthroline (0-4 g.) was refluxed 
with 2-diethylaminoethylamine (1 c.c.) at 140° for 3 hours. The excess of the latter was removed in a 
vacuum on a boiling water-bath to yield a solid yellow residue; this was dissolved in ethanol, and to it 
were added a few drops of ethanolic hydrobromic acid followed by a few drops of acetone, affording cream 
platelets of the hydrobromide (0-3 g.), m. p. 284—285° (Found: C, 40-0; H, 50. C,,H,.N,3HBr 
requires C, 40-2; H, 465%). 

2-(3-Diethylaminopropylamino)-p-phenanthroline.—2-Chloro-p-phenanthroline (0-5 g.) was refluxed 
with 3-diethylaminopropylamine (1 c.c.) for 2 hours at 160°. When the product was worked up as 
above, but without addition of acetone, it afforded a hydrobromide which, recrystallised three times from 
ethanol, yielded yellow platelets (0-3 g.), m. p. 268—270° (Found: C, 39-9; H, 49; N, 9-8. 
C,,H,,N,3HBr,H,O requires C, 40-1; H, 5-1; N, 9-8%). 

2-(4-Diethylamino-1-methylbutylamino)-p-phenanthroline.—2-Chloro-p-phenanthroline (0-2 g.) was 
refluxed with 4-diethylamino-1-methylbutylamine (0-4 c.c.) for 5 hours at 180°. The excess of reagent 
was removed in a vacuum, the syrupy residue dissolved in ethanol, and a few drops of a saturated 
ethanolic solution of 3 : 5-dinitrobenzoic acid added. An oil was deposited which solidified on standing 
for 2 weeks. The collected iris-3 : 5-dinitrobenzoate, recrystallised five times from ethanol, had m. p. 
93—94° (Found : cS 51-8, 52-4; H, 4-8, 4-7; N, 14-1. C,,H,,N,,3C;H,O,N,,C,H,OH requires G, 52-4: 
H, 4-5; N, 137%). 


We have to acknowledge our indebtedness to Miss A. Weatherhead who first prepared p-phenan- 
throline N-oxide, and we thank the Medical Research Council for a grant which defrayed part of the 
expenses of this work. 
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332. The Crystal Structure of CsCuCl, and the Crystal Chemistry of 
Complex Halides ABX,. 


By A. F. WELLs. 


The crystal structure of CsCuCl, is determined. The crystals are hexagonal, a = 7-20, 
c = 18-00 4.; space-group C6,2, with 6 molecules of CsCuCl, percell. There are infinite chain 
ions of composition (CuCl,)%" formed by planar CuCl, groups joined up by sharing two adjacent 
chlorine atoms, these ions being in the form of spirals around the six-fold screwaxes. They are 
held together laterally by the cesium ions. The crystal chemistry of complex halides ABX; is 
discussed. 


THE structure of the compound CsCuCl, is of interest both in connection with the stereochemistry 
of copper and also because of its close relation to a number of other halides ABX;,, in which the 
A and X atoms together are close-packed. Except for the hydrated compounds CuCl,,2H,O 
(Harker, Z. Krist., 1936, 98, 136; MacGillavry and Bijvoet, ibid., 1936, 94, 231) and 
K,CuCl,,2H,O (Chrobak, ibid., 1934, 88, 35), little is known of the structures of cupric halides, 
simple or complex. The crystal structures of the cupric halides themselves are not known, and 
only the unit-cell dimensions and space-groups of the compounds KCuBr, (Silberstein, Compt. 
vend., 1939, 209, 540) and Cs,CuCl, (Mellor, Z. Krist., 1939, 101, 160) have been determined. A 
note on CsCuCl, was published recently (Klug and Sears, J. Amer. Chem. Soc., 1946, 68, 1133) 
but the authors were unable to determine its crystal structure. 
In the Periodic Table the elements around copper which exhibit bivalency are : 


Mn Fe Co Ni Cu Zn 
Pd (Ag) Cd 


As regards its crystal chemistry Cu! appear to be most closely related to Pd!. For instance, 
the monoxides MnO, FeO, CoO, NiO, and CdO have the rock-salt structure, ZnO the wurtzite 
and the zinc-blende structure, but CuO a quite different structure, very similar to that of PdO, 
in which there is square co-ordination of the metal atoms by oxygen. The difluorides MnF,, 
FeF,, CoF,, NiF,, and ZnF, have the rutile structure, and CdF, the fluorite structure. CuF, 
apparently has neither of these structures (v. Wartenberg and Laves, Z. anorg. Chem., 1939, 
281, 381); thatof PdF,isunknown. The dichlorides of Mn, Fe, Co, Ni, Zn, and Cd all crystallise 
with the cadmium chloride structure, in which a metal atom forms six octahedral bonds, but 
crystalline PdCl, is built up of infinite chains in which each Pd forms four planar bonds. The 
bonds formed by the former elements in complex halides are discussed later. It will be shown 
in this paper that in CsCuCl, copper forms four planar bonds, again resembling Pd" rather 
than the other elements mentioned above. The relation of the structure of CsCuCl, to that of 
CsAuCl, and other halides ABX, will be discussed later. 

Determination of the Crystal Structure —Crystals of CsCuCl, are readily grown from an 
aqueous solution containing cesium chloride and an excess of cupric chloride. The garnet-red 
crystals are hexagonal prisms {1010} terminated by bipyramids, or, if grown slowly, essentially 
bipyramids {1011}. They are uniaxial and exhibit dichroism, the colour transmitted being 
brownish-red for vibrations along ¢ and yellowish for vibrations perpendicular to c. No 
pyro-electric effect has been detected. The cell dimensions, a = 7:204., c = 18°004., are in 
good agreement with the values given by Klug and Sears (loc. cit.). The density, 3°65 g./c.c., 
indicates that the unit cell contains 6 CsCuCl, molecules. X-Ray photographs (Cu-K, radiation) 
show that the Laue symmetry is 6/mmm. The only systematic absences observed were in the 
orders 000/, which appear only for / = 6m, indicating the space-group C6,2 (or C6,;2). The 
crystal class 62 is consistent with the face development. 

The cell dimensions are closely related to those of Cs,T1,Cl, (Powell and Wells, J., 1935, 
1008; Hoard and Goldstein, J. Chem. Physics, 1935, 3, 199), for whicha = 12°82 (= V3 x 7°40), 
c¢ = 18°27., and suggest that the structure of CsCuCl, also consists essentially: of six close- 
packed (CsCl,) layers of the type shown in Fig. 1. In the investigation of Cs,T1,Cl, it was 
found that lamellar twinning, leading to a higher apparent symmetry, usually occurred. 
Crystals of CsCuCl, were therefore grown both very rapidly and very slowly, and their X-ray 
photographs compared. No differences were detected, and it was assumed that twinning of the 
type encountered in the thallium compound was not occurring in this compound. In Cs,T1,Cl, 
the thallium atoms are arranged in pairs of adjacent octahedral holes between the close-packed 
layers. Since an octahedral environment of 6 Cl (at about 2°5 a.) would not be unreasonable for 
copper, it was decided first to try all the possible arrangements of copper atoms in octahedral 
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holes. For any structure consisting of six close-packed layers, which contain all the Cs and Cl 
atoms, the orders of 000/ with / + 6” will occur only (1) if the layers are displaced from their ideal 
heights, c/6 apart, or (2) if the Cu atoms are placed in such positions as to contribute to these 
orders. The survey of possible structures based on octahedrally co-ordinated copper was 
therefore not restricted to those containing 6, (or 6,) axes, but was carried out in the most 
exhaustive way in order to eliminate such structures conclusively. 







a a 
J\ A 4» 
(K NG. 


Close-packed CsCl, layer (c@sium ions represented by shaded circles). 





The problem is to determine the possible structures built of six close-packed layers, each of 
composition CsCl,, held together by 6 Cu placed in octahedral holes between sets of 3 Cl in 
adjacent layers. Adopting the conventional nomenclature, each layer may be an A, B, or C 
layer (i.e., the Cs is at $4, $$ or 00), with the provisos that similar layers may not be adjacent, 
and the repeat unit along the c axis must not exceed 6 layers. It is necessary to place one Cu 
between each pair of layers, for the following reason. The possible positions for Cu atoms lie 
on the lines 002, $$z or $}z, but on either side of a layer of a given type only two of these positions 
are possible. Representing the long diagonal of the base of the unit cell (the broken line in 
Fig. 1) as a horizontal line, we may indicate these possibilities as in Fig. 2a, so that between 
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Possible positions of Cu atoms : (a) on either side of an A, B, or C layer ; (b) between AB, BC, or 
CA layers. 


layers AB, BC, CA the only possible positions for Cu are those shown at (6), Fig. 2. The various 
sequences of layers lead to five possible structures. These are summarised diagrammatically 
in Fig. 3 as elevations on (1120) of one unit cell. 

If a layer is represented by 4 when the two surrounding layers are of the same type, and by 
c if they are of different types, then the sequences of close-packed layers in these structures are 
(1) h, (2) c, (3) he, (4) Acc, (5) hhhchc. Of these the first four are well known as the four simplest 
types of close-packing. In the first two, hexagonal and cubic close-packing respectively, all 
the spheres are equivalent; in the second two there are two kinds of non-equivalent spheres. 
The fifth structure is of a more complex type, and contains four kinds of non-equivalent spheres— 
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it is interesting as the only one of the six-term set with a repeat unit of only six layers.* In 
structure (1) there are infinite chains of octahedra formed by sharing opposite faces. Structure 
(2) is the perovskite structure. The only structures to be tested are (4) and (5), both of which 
contain infinite 3-dimensional (MX,) ions formed by MX, octahedra sharing all their X atoms 
with other octahedra. The mode of linking of the octahedra is discussed later. Both these 
structures can be built up to conform to the space-group C6m2, but a comparison of intensities 
calculated on the basis of either of these structures with those observed for CsCuCl, shows that 
neither is the structure of this compound. In Cém2 the only variable x parameters are those of 
the chlorine atoms, and no small modification of the ideal structures could possibly account for 
the observed intensities. For example, they both give Fo = Fogg and Fg, = 0, whereas 600 
is quite weak and 601> 600. It is therefore concluded that CsCuCl, does not possess a structure 
inwhich Cu is octahedrally co-ordinated by six chlorine atoms. 


Fic. 3. 
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repeat unit. 


Possible structures for a complex halide CsMCl,, assuming octahedral co-ordination of M atoms 
(diagrammatic). 

To account for the general nature of the 400 and AAO intensities it is necessary to shift the 
close-packed layers relative to one another. Starting with structure (1), with hexagonal 
close-packing of (Cs + 3Cl) and Cu atoms with six octahedral neighbours at about 2°5a., it is 
possible by suitable translations of the layers relative to one another to give each Cu four nearest 
Cl neighbours at about 2°3 a. and two more distant neighbours. The relation between a pair of 
adjacent layers is that shown in Fig. 4. In order to fit this new arrangement into the space-group 
C6,2 the three chlorine atoms in any layer are no longer equivalent, and the centre of 
the (distorted) octahedron of chlorine atoms now lies off the line 00z. The Cu atoms are 
therefore arranged around the screw axis in a spiral arrangement. Slight movements from the 
positions in the ideal close-packed layer of Fig. 1 were necessary to improve the agreement 
between observed and calculated intensities, and the following parameters were finally chosen 
as giving the best overall agreement : 

Cu: 6(a), #00, etc., ¥ = 0-07 Cl, : 6(5), ¥, 2%, 3, etc., ¥ = 0-90 
Cs: 6(b), #, 2%, }, etc., = 0-345 Cl, : 12(c), xyz, etc., = 0°35, y = 0-22, z = 0-25 

* The simplest close-packed arrangements are tabulated below, together with the numbers of layers 

in a repeat unit. Certain of these, containing only two types of non-equivalent atom, have recently 


been discussed by Hagg (Arkiv Kemi, Min. Geol., 1942, 16, B, No. 3), in connection with the structures 
of the cadmium halides. 


No. of layers No. of layers 

Symbol. in repeat unit. Symbol. in repeat unit. 
h 2 hhecc 5 
c 3 hhhec 10 
hchch 10 
he 4 hecce 10 
chche 15 
hec 6 hhhhe 15 

chh 9 

hhhche 6 
hhhe 8 hhhhhe 12 
ccch 8 heccce 12 
cchh 12 hhhcce 12 
hhechc 12 
hhhhec 18 
hhcccc 18 


ccchch 18 
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It will be seen that there are five parameters in the basal plane which can be varied 
independently. The structure is not centro-symmetrical, and owing to its nature there is no 
simple way of refining the parameters. Further work on such a structure would be very tedious. 
and not very profitable, for the only bond length of special interest is Cu—Cl, and this structure 
would not be chosen for an accurate determination of this bond length. Intensity relationships 
between pairs of 400 and Ak0 reflexions of similar spacing were used to obtain the x and y 
parameters given above. The only variable z parameter is that of the 12-fold chlorine position. 
This was assumed to be 0°25, thus keeping all the groups of chlorine atoms coplanar with the 
cesium atoms at heights 1/12, 1/4, 5/12, etc. There are so many striking intensity relationships, 
particularly in series of h0/ reflexions, which are all accounted for at least qualitatively, that the 
structure can certainly be accepted as essentially correct. The intensities of 67 reflexions, of all 


Fic. 4. 





Relation between pairs of adjacent close-packed layers in CsCuCly. 


kinds, calculated as proportional to F*(1 + cos* 26/sin 26), are compared with the observed 
intensities in Table I. The f-curves used were those for Cu**, Cs*, and Cl~ given in the 
“‘ International Tables for the Determination of Crystal Structures”. Since the copper is 
certainly not present as cupric ions, this is not very satisfactory, but this difficulty always arises 


TABLE I. 

hkl. I,cale. I, obs. hkl. Z,catc. if, ode. hkl. i,ceals. I, obs. 
1010 29 w 2132 3 — 3143 45 ms 
1011 7 —_ 1136 33 w 3144 1 one 
1012 0 — 2133 64 m 2245 12 w 
1013 202 s 2056 159 s 2246 80 ms 
1014 3 — 2134 2 — 3145 6 w 
1130 493 vs 3030 130 s 4040 31 m 
1131 16 w 3031 10 m 00012 345 vs 
1132 0 — 3032 7 w 3146 72 m 
1015 8 — 2135 26 w 3250 10 vw 
2030 45 m 3033 2 — 4150 31 m. 
2031 16 w 3034 0 — 5050 9 vw 
1133 0 — 2136 50 m 3360 23 m 
0006 515 vs 2240 181 s 4260 5 — 
2032 44 ms 2241 75 ms 5160 5 — 
1134 9 _— 3035 3 done 6060 14 w 
2033 312 vs 2242 14 w 4370 2 — 
1016 lll ms 2243 l — 5270 24 w 
2034 13 m 3036 26 w 6170 15 w 
1135 5 _— - 3140 10 vw 4480 18 w 
2035 41 m 3141 4 a 7070 26 w 
2130 5 — 3142 ll w 5380 8 vw 
2131 0 — 2244 4 — 6280 20 m 
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in a structure in which the bonds differ appreciably in amount of ionic character. Absorption 
of Cu-K, radiation by this crystal is appreciable, necessitating the use of a very small 
equidimensional crystal. A temperature factor has not been incorporated into the calculated 
intensities, nor has allowance been made for absorption, the effect of which may be appreciable 
for some reflexions. 

Description of the Structure.—The structure, which is illustrated in Fig. 5, consists essentially 
of close-packed layers of composition (CsC],),, arranged approximately in hexagonal close-packing, 
with the copper atoms between the layers surrounded by four chlorine atoms in a square planar 
configuration. The next nearest neighbours of a copper atom are two more chlorine atoms, 





Unit cell of the crystal structure of CsCuCl,. The stippled circles represent chlorine atoms 
forming part of one (CuCl,)%- ion. 


forming with the other four a somewhat distorted octahedron. The square CuCl, groups are 
arranged in a spiral around six-fold screw axes and are joined up, by sharing two adjacent 
corners, to form infinite chains of composition (CuCl,)*". The structure may therefore 
alternatively be regarded as consisting of infinite chain ions (CuCl,)*" held together laterally by 
Cs* ions. This chain ion (I) is the analogue, for 4-square co-ordination, of the (SiO,)?”" ion in 
diopside (II), in which tetrahedral SiO, groups are joined up by sharing corners. The infinite 


Cl Cl Cl Cl 0 oo 
cu Deu 4 v4 
cL Al it Cl Cl Si i 
ci% Cu wr on s. No“ No“ No” 
(I.) (CuCl,)*-. (II.) (SiO,)2"-. 


linear molecules in PdCl,, formed by planar PdCl, groups sharing opposite edges, are related in a 
similar way to the infinite chain molecules in SiS,, which contains tetrahedral SiS, units (III). 


] 1 Cl ] S 
TW a an a a de a 
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From the parameters given above the following interatomic distances are calculated : 


Cu: { 2 Cl at 2-30 a. Cs: 6 Cl in same close-packed plane 3-40—3-82 a.; mean, 3-64 a. 
8°22 Clat 2-274. 4 Cl in adjacent planes, 3-56—3-69 a.; mean, 3-63 a. 
2 Cl at 2-65 a. 2 Clin adjacent planes, 4:13 a. 


The Cu-Cl bond length is, to within the probable accuracy, the same as that found in 
K,CuCl,,2H,O and CuCl,,2H,0O. 

Discussion.—The adoption of this structure by CsCuCl, emphasises the point made in the 
introduction, that in its crystalline compounds bivalent copper tends to resemble Pd! rather 
than the elements Co, Ni, or Zn. It has been shown that there are several possible structures 
for CsCuCl, containing 6-co-ordinated cupric ions with Cu-—Cl about 2°5a., with an equally 
satisfactory packing of Cs* and Cl- ions. In preference to these, however, CsCuCl, adopts a 
structure with a distorted Cs—Cl packing in order that the copper atoms shall have only four 
nearest neighbours arranged at the corners of a square. 

It is worth while considering briefly the general nature of the structures shown in Fig. 3, as 
this is of interest in connexion with the stability of complex halides CsMCl,. In the perovskite 
structure, ABX,, every BX, octahedron shares its corners with 6 other such octahedra, while in 
structure (1), Fig. 3, the octahedra are joined together into chains by sharing opposite faces. This 
type of complex ion has so far not been found, and may well be unstable owing to the close 
approach of the two Batoms. The linking of such octahedral co-ordination groups by sharing 
faces is not known to proceed beyond the formation of the ion (B,X,), in Cs,T1,Cl,, etc. In 
such an ion the repulsion of the B atoms does lead to some distortion of the BX, octahedra, a 
type of distortion which is not possible if the linking of octahedra proceeds further. The 
remaining three structures in Fig. 3, viz., (3), (4), and (5), are, as regards the mode of linking of 
the BX, octahedra, intermediate in nature between structures (1) and (2). In structure (3) all 
the BX, octahedra are equivalent and share three corners with other octahedra and 
the remaining three (a face) with a fourth octahedron. In structures (4) and (5), however, the 
BX, octahedra are no longer all equivalent. In (4), two-thirds share a face and three corners, 
one-third six corners, while in (5) two-thirds share a face and three corners and the remainder 
two faces. It seems probable, therefore, that all the structures (1), (3), (4), and (5) in Fig. 3 
would be less stable than (2), the perovskite structure, eo that we should expect halides KMF, 
or CsMC]l, containing octahedrally co-ordinated atoms, if they are formed at all, to have that 
structure. Now, although the simple halides MCI, of Fe, Co, Ni, and Zn all crystallise with a 
structure in which the metal atom is surrounded by six chlorine atom at about 2°5a., stable 
complex halides CsMCl, are rare. Moreover, in the complex halides they do form they exhibit, 
in the compounds so far studied, a lower co-ordination number than in the simple halide. (It 
should be remarked that cadmium behaves differently from the above elements and retains 
6-co-ordination in its complex halides, which are therefore different structurally, and also often 
in formula type, from those of Fe", Co, Ni, and Zn.) 


TaBLeE II. 
Complex chlorides of the type A,BCl,,*+H,O. 
Co-ordin- Fell, Coll, Ni. Cull, Zn. Cd. 
ation of ? 4, ? 4, 4, 6, 
B by Cl. tetra- planar.? tetra- octa- 
Nn. hedral.* hedral.* hedral.* 
Na aa None ? None ? ? 
K 3 KFeCl,,2H None KNiCI,5H,0 KCuCl KZnCl,,2H,O KCdCl,,H,O 
4 rect 21,0 ~ K,CuCl,,2H,O K,ZnCl, (and K,CdCi, 
2H,0) 
5 — — —_ — —_ = 6; 
K,CdCl,] 
Rb 3 ? RbCoC1,,2H ? ? ? RbCdCl, 
4 one Rb,Cocl, 2,0 os he ? Rb,CdCl, 
5 a — — oe {mn = 6: 
Rb,CdCl,) 
Cs 3 CsFeCl,2H,0 CsCoCly2H,0 CsNiCl, CsCuCl, <n CsCd¢l, 
4 Cs,FeCl,,2H,0 Cs,CoCl, Cs,CuC, Cs,ZnCl, Cs,CdCl, 
5 Cs,CoCl 5 —— 1 aed Cs,ZnCl 5 = 
1 Established in Cs,CoCl, (Powell and Wells, J., 1935, 359). * Established in CsCuCl,. 


® Established in (NH,),ZnCl, (Klug and Alexander, J. Amer. Chem. Soc., 1944, 66, 1056). 
03). Established in RbCdCl, (MacGillavry, Nijveld, Dierdorp, and Karsten, Rec. Trav. chim., 1939, 58, 
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Table II gives a general, though rather incomplete, picture of the types of complex chloride 
formed by these elements which can be isolated from aqueous solution at 25°. Of the elements 
Fell, Co, Ni, and Zn, apparently only Ni forms a halide of the type CsMCl, (Campbell, Amer. J. 
Sci., 1894, 48, 418; Z. anorg. Chem., 1895, 8, 126). The salt CsNiCl, is obtained by evaporating 
a concentrated solution containing 12 CsCl: 1 NiCl,, and it is immediately decomposed by 
water. Its structure isnot known. In the case of iron and cobalt, the dihydrates are obtained. 
It would seem that the compounds CsFeCl,, etc., are on the borderline as regards stability 
towards water, and that while CsNiCl, can just be prepared from aqueous solution in the presence 
of a very large excess of CsCl, the others take up 2H,O, presumably between the chains as in 
K,SnCl,,H,O. With the smaller rubidium and potassium ions hydration is more frequent and 
often occurs also in the salts M,FeCl,,2H,O, etc., while sodium salts are in general not obtainable 
atall. This effect is well illustrated by the complex czesium-—cobalt chlorides (see Table II) and 
by the alkali—copper halides : 


Cs. Rb K. Na. Li. 
CsCuCl, ? KCuCl, — LiCuCl,,2H,O 
Cs,CuCl, —_ None a= 


(Cs,CuCl,,2H,0) K,CuCl,,2H,O me odes 

Whereas CsCuCl, is a stable salt, KCuCl, is unstable in moist air, decomposing to a mixture of 
two hydrated salts (CuCl,,2H,O and K,CuCl,,2H,O), and KCuBr, is very hygroscopic. The 
appearance of a hydrated lithium salt, in contrast to the non-existence of sodium salts, is 
presumably due to the fact that an entirely different type of structure becomes possible for the 
very small, tetrahedrally co-ordinated lithium ion. Similar variations in degree of hydration 
and stability towards water are found in many other series of complex halides, e.g., the 
dichloroiodides, hexachloroplatinates, etc. 

This question, why certain compounds are formed by one element and not by others, is 
obviously of great interest in chemistry. The direct approach would involve the calculation of 
the lattice energies of all possible structures for the hypothetical compound, but this exhaustive 
treatment is not likely to be possible in many cases. In general, it is not possible even to deduce 
all the reasonable structures for a given compound, so that in the most favourable cases we 
should only be able to say that one or more specified structures would be unstable, without being 
sure that there are no other structures the compound could adopt. 

In the case of halides CsMCl, (where M = Mn, Fe, Co, Ni) it would seem that the perovskite 
structure should be the most stable, it being assumed (1) that the Cs and Cl will be essentially 
close-packed, and (2) that structures of the type adopted by the larger Cd, containing ‘‘ band ”’ 
ions (CdCl,)*", are not possible for these elements. The instability of these compounds would 
therefore suggest that the perovskite structure, with linear M-CI-M bonds, is not stable for 
chlorides. [It has been stated that CsCdCl, (Ferrari and Baroni, Atti R. Accad. Lincei, 1927, 6, 
418) and CsHgCl, (Natta, ibid., 1927, 5, 1003) crystallise with this structure, though 
the compounds were not studied in any detail. A regular octahedral arrangement of 6 Cl 
around Hg would be very surprising, but unfortunately the precise location of the relatively 
light Cl atoms would in any case be very difficult.] The fact that the simple halides MnCl,, etc., 
have the CdCl, structure with octahedral co-ordination of the metal atoms shows that it is not 
the requirement of 6-co-ordination which prevents the complex halides adopting the perovskite 
structure, but it is significant that in the CdCl, structure the chlorine bonds are non-linear. In 
complex oxides the ideal perovskite structure (with linear —O— bonds) is by no means as common 
as was once thought (Megaw, Proc. Physical Soc., 1946, 58, 133). We conclude therefore that 
the instability of these halides CsMCl, is due to the fact that the perovskite structure is stable 
only for the essentially ionic fluorides and oxides of the more electropositive elements. For 
chlorides it is far less stable than for fluorides, so that instead of CsCoCl, we find CsCoCl,,2H,O, 
with presumably either infinite chain ions (CoCl,)*, containing tetrahedrally co-ordinated 
cobalt and H,O molecules between the chains, or (less probably) infinite aquo-ions or bands as in 
NH,CdCl, with H,O between the “‘ band ” ions. 

The structures of complex halides ABX, in which the ratio of halogen to alkali-metal atoms 
is 3: 1 are of special interest because for this ratio the X and A atoms together can form a 
close-packed array, provided they are of about the same size. The conditions for forming such 
structures are particularly favourable for K and F and for Cs and Cl, so that in all the following 
compounds the alkali and halogen atoms are close-packed : 

KMgF, K,SiF, Cs,T1,Cl, 
CsCuCl, etc. Cs,W,Cl, 
Cs,AutAuMCl, Cs,As,Cl, 
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From the geometrical standpoint, the structures of KMgF,, K,SiF,, and Cs,T1,Cl, differ only in 
the proportions and arrangement of octahedral holes which are occupied by the more highly 
charged positive ions, leading in the last two cases to finite (SiF,)*~ and (T1,Cl,)*~ ions respectively. 
In the perovskite structure of KMgF; no discrete complex ions exist; it is to be regarded as an 


Fic. 6. 














(a) 








Two modes of distortion of an octahedral co-ordination group BXg, (a), to give (b) a pyramidal molecule 
BX;, and (c) a planar BX, group. 


Fic. 7. 





(a) The perovskite structure of KMgF;, with octahedral MgF , co-ordination groups ; (b) the structure of 
Cs,AutAu ¢ with linear Au'Cl, and planar Au™Cl, groups. 


infinite 3-dimensional array of K+, Mg** and -.F~ ions. For atoms which do not form six 
octahedral bonds these simple close-packed structures are not possible, and we find interesting 
variants for Cs,As,Cl, (Hoard and Goldstein, J. Chem. Physics, 1935, 3, 117), CsCuCl,, and 
CsAuCl,. These illustrate three different ways of distorting an octahedral co-ordination group 
to give less than six nearest neighbours (Figs. 6 and 7), viz., 3 pyramidal (in Cs,As,Cl,), 4 planar 
(in CsCuCl,), and 4-planar or 2 linear neighbours (in Cs,AulAuUIC],). In CsCuCl, all the Cul 
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atoms are equivalent and are surrounded by 4 Cl in a plane. The gold compound, although 
having a similar empirical formula, is of a different kind, containing Au! and Au! atoms in equal 
numbers. Just as CsCuCl, adopts a distorted version of an idealised hexagonal close-packed 
structure, so the gold compound has a distorted version of the perovskite structure (Elliott and 
Pauling, J. Amer. Chem. Soc., 1938, 60, 1846). The distortion is of such a nature as to give Au! 
two nearest neighbours (linear Au! bonds) and Aull! four nearest neighbours (4 square Aull 
bonds), as shown in Fig. 7, (2) and (b). The mixed halide Cs,AgAuICl, has the same structure. 


The bond lengths in the (CuCl,), (Au%Cl,), (AuICl,), and (AgCl,) groups in these closely related 
structure are very similar : 


In CsCuCl, : Cu—4 Cl, 2-29 a. 
Cs,AutAuMICl, foo Cl, 2-31 


Autt—4 Cl, 2-30 
Cs,AgAulC), Ag—2 Cl, 2-36 


compare PdCl, Pd—4 Cl, 2-32 


We may summarise the crystal chemistry of these complex halides in the scheme below. 


Crystal structures of complex halides ABX, with close-packed A and X atoms. 
Distorted perovskite structure. 


BX, regular octahedral co-ordination Cs,AutAu™Cl, {Anme plen = 
Cubic close-packing K,SiF , structure 
Perovskite structure 
KMgF; 
BX, pyramidal 
Cs,As,Cl, structure 
Fig. 3, structures 


(3), (4), (5) 


(More complex types of intermediate between 
close-packing) perovskite structure 
and structure (1), 
below 
Hexagonal close-packing Structure (1), Fig. 3 BX, octahedral but BX, planar 
slightly distorted ow- CsCuCl, structure 
ing to formation of 
B,X, ion 


Cs,W,Cl, structure 
Cs,T1,Cl, structure 


RESEARCH LABORATORIES, IMPERIAL CHEMICAL INDUSTRIES LTD., 
HEXAGON House, MANCHESTER 9. (Received, February 15th, 1947.] 





333. The Crystal Structure of Anhydrous Cupric Chloride, and the 
Stereochemistry of the Cupric Atom. 


By A. F. WELLs. 


Anhydrous cupric chloride is monoclinic: a = 6-85, b = 3:30, c = 6-70a., B = 121°; 
space-group C2/m, with Cu at 000, $40, and 4 Cl at #0z, etc., x24, z<}. The structure 
contains infinite chain molecules formed by planar CuCl, groups sharing opposite edges, as in 
PdCl,. The packing of these chains is different from that found in PdCl,, apparently in order to 
give Cul two ‘next nearest neighbours at about 3a. completing a distorted octahedral 
co-ordination group. The stereochemistry of the cupric atom is discussed. 


Cupric chloride is one of the few halides of the commoner elements which has not previously 
been studied by the methods of X-ray crystallography. Its structure is of interest in view of 
the planar configuration of four bonds from a cupric atom, already established in a number of 
crystalline salts and co-ordination compounds. Since the length of a Cu!~—Cl bond is the same 
(2°30 + 0°03 a.) as that of Pd!Cl, one might expect cupric chloride to have the same crystal 
structure as palladous chloride (Wells, Z. Krist., 1938, 100, 189), in which planar PdCl, groups 
are joined up by sharing opposite edges to form infinite chain molecules. In fact, it is found 
that the structure of CuCl,, although closely related to that of PdCl,, differs from that structure 
in a significant way. This point will be discussed later in more detail in a survey of the crystal 
structures of certain cupric compounds. 
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Determination of the Crystal Structure of Cupric Chloride.—Cupric chloride is hygroscopic, 
and is normally obtained from aqueous solution as the dihydrate. The anhydrous salt is readily 
prepared by heating the dihydrate to a moderate temperature in a stream of hydrogen chloride, 
being obtained as brown pseudomorphs of the needles of the blue dihydrate. This material is 
very poorly crystalline, as judged by its powder photograph, and attempts to index the latter 
unambiguously were not successful. Single crystals of cupric chloride were therefore prepared 
by melting this material in a hard-glass tube (when some decomposition takes place), allowing 
it to cool, and breaking up the cooled melt. The crystals are sufficiently stable on a dry day to 
permit microscopic examination and the selection of suitable crystals which can then be sealed 
up in short lengths of thin-walled capillary tube. The crystals are thin laths (001) or needles, 
elongated along the b axis. There is perfect (001) cleavage, and moreover, the slightest pressure 
on a (001) plate causes it to split along its length (b) into a bundle of fibres, looking much like 
asbestos. By reflected light the crystals appear brown. They exhibit striking pleochroism, 
the light transmitted being yellowish-green for vibrations perpendicular to b and reddish-brown 
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Fie. 1. 








a:6-85A. . a=3-8/A. 
= > <> 
(a) (8) 


Projections of the crystal structures of (a) CuCl, and (b) PdCl, on (010), showing the differences in packing 
of the chains. Atoms aty =0 andy = j are represented by full and dotted circles respectively. In 
(a) the broken lines enclose the monoclinic unit cell, and the dotted lines indicate the pseudo-rhombic 
cell. 


for vibrations along b, a colour change quite similar to that of CsCuCl, (preceding paper). X-Ray 
examination (Cu-K, radiation) shows the crystals to be monoclinic: a = 6°85, b = 3°30, 
c = 6°70 a., 8B = 121°. Owing to the physical weakness of the crystals, which are easily bent 
and split, the accuracy of these figures is probably no greater than + 1%. The density was not 
determined, but since by analogy with the structure of PdCl, the above cell contains 2 CuCl,, the 
calculated density is 3°44 g./c.c. 

The halvings observed are those characteristic of a c face-centred lattice. Since there is no 
evidence of lower symmetry the space-group is assumed to be C2/m. The strong absorption of 
light vibrating along b and the fact that the length of the b axis is the same as for PdCl, suggest a 
chain structure closely related to that of PdCl,. In fact it is found that the photographs about 
the 6 axis can be indexed on the basis of a pseudo-rhombic all face-centred cell with dimensions : 
a = 6°85, b = 3°30, c = 11°44., containing 4 CuCl,. The spacings of the A0/ planes show also 
that the projection of the structure on (010) is pseudo-hexagonal. The cell dimensions of 
PdCl, (orthorhombic, space-group Pnmn) are: a = 3°81, b = 3°34, c= 11°0A., i.¢., very 
similar to those of CuCl, except that the a axis is nearly doubled in the case of the latter. This 
increased a dimension is clearly due to the interposition of a chain related by a translation of 
b/2 + a/2 between alternate chains along the @ axis. Since the lattice is known to be 
c face-centred monoclinic, the only possible way of packing the chains is that shown in Fig. l(a), 
5P 
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the chain length (b) being normal to the plane of the paper. The corresponding projection of the 
structure of PdCl, is shown in Fig. 1(b). It will be seen that this way of packing the CuCl, 
chains accounts for the pseudo-hexagonal nature of the b axis and for the pseudo-rhombic all 
face-centred unit cell corresponding to the true orthorhombic cell of the palladium compound. 

Considerations of packing show that the planes of the CuCl, groups must lie approximately 
in (100). The structure is then defined as follows, the space-group nomenclature of the 
International Tables being used : 


Cu in 2 (a) : 000, $30 Clin 4 (i) : #0z, etc., x}, 2} 


Owing to the fact that the parameters and z have, at least approximately, the special values } 
and } respectively, striking intensity relationships are observed, for all the structure factors 
have one of the three values, 2 fog, 2 foun + 4/0, 06 2 fou — 4fq. Because of the small size of the 
unit cell, comparatively few reflexions are observed for copper radiation, and the only practicable 
way of determining the parameters accurately would be to project the structure on (010), using 
a shorter radiation and, if possible, avoiding the use of a capillary tube. Since it is not likely 
that better intensity data will be obtainable in the near future, it was considered desirable to 
publish the present paper as this establishes the structure within close limits and raises an 
interesting point about the stereochemistry of the cupric atom. 

The calculated and observed intensities given in Table I are sufficient to prove the 
essential correctness of the structure. The intensities are calculated as proportional to 
F#(1 + cos? 26/2 sin 26) the f-curves used being those for Cu and Cl atoms given in the 
International Tables (Vol. II). The planes are arranged in order of increasing sin 6, and include 
only those with k = Oor 1. 


TaB_eE I. 
hkl. I, calc. I, obs. hkl. I, calc. I, obs. hkl. I, calc. I, obs. 
001 202 vs 313 112 s 314 0 _ 
201 97 s 112 106 s 113 1l w 
200 309 vs 113 26 w 114 0 — 
20 0 ote 403 0 —_ 004 45 ms 
110 0 — 310 0 a 203 10 w 
111 74 s 313 22 w 205 10 w 
002 0 — 202 0 _ 401 10 w 
1ll 44 ms 204 87 ms 405 10 w 
113 185 vs 401 20 w 513 39 m 
201 40 m 403 20 w 513 10 w 
203 40 m 400 47 ms 312 38 m 
003 30 mw 404 47 ms 315 9 w 
311 27 w 311 ll w 


Description of the Siructure.—The structure is illustrated in Fig. 2, which shows three unit 
cells. The Cu and Cl atoms are joined together to form: infinite chains in which each Cu is 
surrounded by 4 Cl in a plane and each Cl is attached to 2 Cu: From the similarity in the 
lengths of the b axes in CuCl, and PdCl, it may be concluded that the structure of a chain is very 
similar to that in PdCl,, viz., (I), though this small distortion of the CuCl, groups has not been 


Cl Cl 
Cl Cl Cl Nos” 

Need s7\Cu” Nou” Noe” 3-18 a. Na cK Na cf 
Na” Na ‘nZ ds. Now” (II.) Now” 
(I.) San. cl cl ao’ ‘a 


established in the present case. The length of the Cu—Cl bond is the same (2°3 a.) as that in 
CsCuCl,,K,CuCl,,2H,O, and CuCl,,2H,O. It has been shown (preceding paper) that in CsCuCl, 
exactly similar planar CuCl, groups are joined together to form infinite chain ions of the type (II). 
The configuration of the CuCl, chain being assumed to be that shown above, the shortest distance 
between chlorine atoms of different chains is 35a. The next nearest neighbours of a copper 
atom are two more Cl (in adjacent chains related by the c face-centring) at 2°95 + 0°05 a. 
These weak Cu-—Cl bonds, discussed below, are shown as light full lines in Fig. 1(a), and they 
complete the distorted octahedral arrangement of six bonds fromeachCuatom. Taking account 
of this weak additional binding, the chains form sheets parallel to (001), though, of course, by 
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far the strongest bonds are those within the individual chains, which run parallel to [010]. A 
somewhat analogous state of affairs is found in the structure of mercuric bromide (Verweel and 
Bijvoet, Z. Krist., 1931, 77, 122), in crystals of which each Hg atom has a distorted octahedral 
environment, with two of the six Br much closer than the other four. Having regard only to the 
strongest bonds, the structure contains linear molecules HgBr,, but taking into account also the 
weak secondary bonds from a Hg atom to its four next nearest neighbours, the structure is seen 
to be a layer structure. In PdCl,, on the other hand, there is no such suggestion of secondary 
bonds linking the chains laterally into layers, and the mode of packing of the infinite chains is 
much more like that of non-polar chain molecules such as long-chain hydrocarbons. 

The structure clearly accounts for the strong absorption of light vibrating along the b axis, 
this being the direction of the infinite chain molecules. The structure also explains the perfect 
(001) cleavage, and the remarkable tendency to split into fibres is obviously due to the secondary 
cleavage parallel to (100). The X-ray photographs of some crystals show additional reflexions 


~— Fie. 2. 





The crystal structure of anhydrous cupric chloride (three unit cells). 


due to twinning, the possibilities of which are considerable. Rotational twinning (about b) is 
possible because of the pseudo-hexagonal packing of the chains. Also, if the set of chains 
shown (in projection) in the lower part of Fig. 1(a) is sheared in the direction of the a axis in the 
plane (001), they can rearrange by sliding over one another to take up the alternative orientation 
related to the first by reflexion across the plane (201). 

The Stereochemistry of the Cupric Atom.—Perhaps the most interesting result of this study is 
the demonstration that the structure of CuCl, is different from that of PdCl,. It was known 
previously that the lengths of the CulI-Cl and the Pdl—Cl bonds are the same to within the 
accuracy to which they are known, and the present work confirms this. Both compounds form 
exactly the same type of infinite chain molecule, yet the chains are packed in different ways in 
the crystals of CuCl, and PdCl,. It is worth while enquiring why this should be so. In PdCl, 
the next nearest chlorine neighbours of a Pd atom (i.e., after the four coplanar neighbours) are 
four more (at 3°85 a.) arranged at the corners of a rectangle, the plane of which is perpendicular 
to that of the PdCl, group [see Fig. 3(a)]. In CuCl,, on the other hand, neighbouring chains 
along [100] are displaced relative to one another in such a way that the next nearest neighbours 
of a Cu atom are two more Cl atoms of neighbouring chains. These complete a distorted 
octahedron of Cl atoms around the Cu atom [Fig. 3(b)], and they are at a distance of only about 
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2:95. It might appear fanciful to suppose that the different packing of the chains is adopted 
_in order to give Cull this distorted octahedral environment, particularly as it is at present 
difficult to say what type of binding a bond of this length would indicate, were it not for the fact 
that Cull has precisely this environment in a number of other crystalline salts. The structures 
(and stabilities) of certain crystalline cupric salts present a number of striking features to which 
attention does not appear to have been drawn. The facts are as follows. 

(1) Potassium cupric halides. The only potassium cupric halide stable in the presence of 
water at ordinary temperatures is the blue-green hydrated salt K,CuCl,,2H,O. (The red 
KCuCl, can be prepared from concentrated solution but is rapidly converted by moist air into a 
mixture of CuCl,,2H,O and K,CuCl,,2H,O.) Palladous chloride on the other hand forms the 
stable anhydrous K,PdCl,. In crystalline K,PdCl, the PdClf ions are stacked vertically above 
one another, so that the next nearest Cl neighbours of a Pd atom (apart from those of other 
PdCl? ions coplanar with the one under consideration) are 8 Cl at distances of more than 4 a. 
In contrast to this, K,CuCl,,2H,O does not contain planar CuClf ions at all, but each Cu has, as 
nearest neighbours, 2 O (of H,O) at 1°97 a., 2 Cl at 2°32 a., and 2 more Cl at 2°95 a., the whole 
set forming a distorted octahedral group around the Cu (Chrobak, Z. Krist., 1934, 88, 35; 
‘* Strukturbericht ’’, 1936, 4, 104). In Pd(NH,),Cl,,H,O we find Pd with 4NH, as nearest 
neighbours at 2-02 a., with 8 Cl as next nearest neighbours, arranged at the corners of a cube, 
at 4°27 a. (Dickinson, Z. Krist., 1934, 88, 281). 

(2) Cupric chloride dihydrate. Here again we might have expected to find 4 Cl around Cu at 
about 2°30. Instead, we find exactly the same arrangement of atoms as in K,CuCl,,2H,O, 


Fic. 3. 








(d) 





The environment of (a) Pd in PdCl, and (b) Cu in CuCl, (small circles represent metal atoms). 


viz., 2 O at 2°01 a., 2 Cl at 2°31 a., and 2 Cl at 2°98 a. (Harker, ibid., 1936, 98, 136). It may be 
argued that the displacement of two of the four possible chlorine atoms by 2 H,O (to give 2 H,O 
and 2 Cl as nearest neighbours instead of 4 Cl) is connected with the strong tendency of Cul! to 
form bonds to oxygen—witness the numerous “ basic ’’ salts of copper (actually hydroxy-salts)— 
but this does not account for the persistent 4 + 2 co-ordination of Cull which also occurs in 
anhydrous CuCl, and CsCuCl,. The comparison of the stereochemistry of Cul and of Pdll 
will be more complete when two more structures are known, those of PdCl,,2H,O and Cs,CuCl,. 
It will be interesting to know whether the former adopts the same structure as CuCl,,2H,O or 
whether, as seems more likely, Pd will retain 4 Cl as its immediate neighbours. A knowledge of 
the structure of the latter salt (or some similar compound) is required because the existence of 
discrete CuCl? ions has not so far been proved in any crystal. 

The above considerations suggest that the statement that Cull forms four coplanar bonds 
may require modification, in the sense that the analogy with Pd! or Pt! is not so close as that 
statement would imply. There is, of course, no reason why Cul! should form exactly the same 
number and arrangement of directed bonds as Nill, Pd", or Pt!!, and careful comparative 
studies may indicate more subtle differences between the stereochemical behaviour of atoms 
which form essentially the same number and arrangement of sivongest bonds. It is supposed 
that, when Cull forms four planar bonds (dsp*), the 35 valency electrons are distributed among 
the available orbitals as follows : 


3s 3p 3d 4s 4p 


2 8 2 ¢ 8+ 2 2 4+1 
shared 
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the odd electron occupying a 4 orbital. In the case of Nill forming four dsp* bonds 
the electronic arrangement is similar except that there is no odd electron. It seems possible 
that this electron may have some bonding power and might be responsible for two additional 
weak bonds perpendicular to the plane of the four strong dsp* bonds. 


RESEARCH LABORATORIES, IMPERIAL CHEMICAL INDUSTRIES LTD., 
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334. Carbohydrate Sulphuric Esters. Part IV. Production of a 
Derivative of 5: 6-Anhydroglucose by the Hydrolysis of a Sulphate. 
By R. B. Durr and E. G. V. PERCIVAL. 


By the hydrolysis of barium 3-methyl 1 : 2-monoacetone glucofuranose 6-sulphate (1), 3-methyl 
1 : 2-monoacetone 5: 6-anhydroglucose (II) has been obtained. Unsuccessful attempts to 
prepare anhydrides from barium 4 : 6-benzylidene a-methylglucoside sulphate and barium 6-methyl 
B-methylgalactopyranoside 2-sulphate (V1) are recorded. 


In Part III (J., 1945, 119) it was shown that the hydrolysis with alkali of barium 
1: 2-monoacetone glucofuranose 6-sulphate yielded 1: 2-monoacetone glucofuranose and 
1 : 2-monoacetone 3 : 6-anhydroglucofuranose. The failure to identify any /-idose derivatives 
among the products of this hydrolysis was held to prove that no 5: 6-anhydride was formed, 
since Ohle and von Vargha (Ber., 1928, 61, 1203; 1929, 62, 2435) had claimed that, from the 
corresponding 6-toluene-p-sulphonate, 1 : 2-monoacetone /-idofuranose could be obtained via 
the 5: 6-anhydride. The basis for this conclusion was destroyed, however, by Seebeck, Meyer, 
and Reichstein (Helv. Chim. Acta, 1944, 27, 1142) who showed that /-idose derivatives could not 
be obtained in this way and that 1:2-monoacetone 5: 6-anhydroglucose underwent 
transformation into the corresponding 3 : 6-anhydride with great ease. The possibility arose 
therefore that the 1 : 2-monoacetone 3 : 6-anhydroglucose isolated in the experiments from the 
6-sulphate (Part III, Joc. cit.) might have arisen from the 5 : 6-anhydride as an intermediate. 

In order to arrive at an unequivocal decision, a derivative of glucose substituted on C, 
was chosen, to prevent the formation of a 3: 6-anhydro-ring. The compound selected, 
barium 3-methyl 1: 2-monoacetone glucofuranose 6-sulphate (I) had the added advantage of 
solubility in organic solvents which enabled the hydrolysis to be carried out with sodium 
methoxide instead of aqueous barium hydroxide as in the previous cases (Part III, loc. cit.; 
Part II, J., 1941, 830). Although the method of preparation of (I) does not exclude the 
possibility that the sulphate group is on C,, on general grounds, and by analogy with the reaction 
with toluene-p-sulphonyl chloride (Ohle and von Vargha, loc. cit.; Vischer and Reichstein, 
Helv. Chim. Acta, 1944, 27, 1332), this is thought to be highly improbable. Furthermore, it has 
been shown that by the deacylation of 6-benzoyl 3-benzyl 1: 2-monoacetone 5-toluene-p- 
sulphonyl d-glucose, 3-benzoyl 1 : 2-monoacetone 5 : 6-anhydro-l-idose is obtained (Meyer and 
Reichstein, Helv. Chim. Acta, 1946, 29, 152). The possible reaction products in the present 
case are 3-methyl 1:2-monoacetone glucofuranose by direct hydrolysis and 3-methyl 
1: 2-monoacetone 5: 6-anhydroglucose (II) followed by 3: 6-dimethyl 1 : 2-monoacetone 
glucofuranose (III) by reaction of (II) with sodium methoxide since the entering methoxy] anion 
invariably attaches itself to the primary carbon atom (Peat, Ann. Reports, 1939, 36, 264). 


-O,S-0-CH, O CH, MeO-CH, 
HO: HA. H Safle nA am, "OCH / nv H 
Kee < Sige. adebuane : 7 
OMe 4H OMe #H f OMe 4 
H 
(I.) " ant Me, ats” H LS (III.) H O es 


| NaOMe 
90° 





Experimentally, it was found that although the sulphate group was not removed quite so 
readily as for the corresponding toluene-p-sulphonate, (I) with sodium methoxide (5%) after 
three hours at 40° gave a transparent barium sulphate gel, and from the reaction mixture 
3-methyl 1: 2-monoacetone 5: 6-anhydroglucose (II, 50%) was obtained, characterised by 
conversion by sodium methoxide into 3: 6-dimethyl 1: 2-monoacetone glucofuranose (III) 
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which on hydrolysis gave crystalline 3 : 6-dimethyl glucose, identical with an authentic specimen 
kindly provided by Dr. D. J. Bell, and with specimens prepared by us from 3-methyl 
1 : 2-monoacetone glucofuranose 6-toluene-p-sulphonate and the corresponding 5 : 6-ditoluene- 
p-sulphonate. 

The following table gives the properties of these compounds with the relevant references. 


Derivatives prepared from the Derivatives prepared from toluene-p- 
sulphate (1). sulphonates. 
3- pia monoacetone anhydrohexoside ; 3-Methyl 1 : 2- monoacetone 5 : 6-anhydroglucose ; 
1-4610; [a]}?’ —67° (c, 4-0 in chloroform) ni® 1-4610; [a]i®’ —65° + 2 (c, 2-0, in acetone) 


(Vischer and Reichstein, loc. ctt.). 
Dimethyl monoacetone hexose; [a]}*° —46-5° (c, 3: 6- Dimethyl 1: 2-monoacetone glucofuranose ; 


4-5 in chloroform) [a]?” —45-8° (c, 4-0 in chloroform) (Bell, /., 
1936, 1553) 

Dimethyl hexose; m. p. 115—116°; [a]}” +61° 3:6-Dimethyl glucose; m. p. 114—115° ; [a]?” 

(c, 0-8 in water at equilibrium) +61-6° (in water at equilibrium) (Bell, log. cit.) 


There is thus no doubt that ethylene oxide derivatives can be produced from carbohydrate 
sulphates, and by analogy with the toluene-p-sulphonates and methanesulphonates it would be 
expected that, when the sulphate group is removed from an asymmetric carbon atom with an 
adjacent tvans-hydroxyl group, an ethylene oxide ring would be produced with Walden 
inversion. It is true that the opposite conclusion was reached by one of us (Part III, loc. cit.) 
since the alkaline hydrolysis of barium methylglucofuranoside 3-sulphate gave only glucose and 
3 : 6-anhydroglucose derivatives, but this could be attributed to the preferential formation of 
the pentaphan ring. 

To test the hypothesis, 4 : 6-benzylidene «a-methylglucoside was treated with chlorosulphonic 
acid in pyridine to give a barium 4: 6-benzylidene a-methylglucoside sulphate. When this was 
treated in methanol with sodium methoxide, 4: 6-benzylidene a-methylglucoside (85%) was 
recovered and the methoxyl content (10%) of the partly crystalline residue showed that no 
methoxyl groups had entered the molecule, so that it must be presumed that no ethylene oxide 
rings had been formed. Whether the product used was a 2-sulphate (IV) or a 3-sulphate, if 
either had given 2 : 3-anhydrides, these would certainly have been decomposed by the excess 
of sodium methoxide with the entry of an additional methoxyl group. 

As a‘ further test, 6-methyl 3: 4-monoacetone 8-methylgalactoside was synthesised and its 
structure confirmed by conversion into the known 2 : 6-dimethyl 3 : 4-monoacetone 6-methyl- 
galactoside (Bell, J., 1945, 692). Barium 6-methyl 3:4-monoacetone £-methylgalactoside 
2-sulphate (V) was then prepared and removal of the isopropylidene residue gave barium 
6-methyl B-methylgalactoside 2-sulphate (V1). When this substance, in methanolic solution, was 
treated with sodium methoxide, however, no reaction was observed until 90° was reached, 
whereupon, instead of the production of 6-methyl 2 : 3-anhydro-f-methyltaloside (VII) followed 
by 2: 6-dimethyl (-methylgalactoside or 2: 6-dimethyl ®-methylidoside, or both, rapid 
darkening of the solution took place with extensive decomposition and the formation of reducing 
products; no increase in methoxyl content could be detected. 
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So far, therefore, there is no direct support for the suggestion (Nature, 1946, 158, 29) that 
sugars may undergo interconversion in Nature by way of sulphuric esters and their hydrolysis, 
even though ethylene oxide formation does occur when the sulphate group on a primary carbon 
atom is removed. Further work is necessary, however, before this possibility can be abandoned 
since the behaviour of sulphate residues on C, might be anomalous. In connexion with the 
hydrolysis of (VI) it may be recalled that Helferich and Schnorr (A mnalen, 1941, 547, 201) recorded 
the hydrolysis of a 2-hydroxyethanesulphonic acid glycoside with alkali, and Isbell (Amun. Rev. 
Biochem., 1943, 12, 205) has suggested an explanation of this effect in terms of electron 
displacement initiated by the electronegative sulphonyl group. Until more evidence is available 
it would be premature to attempt an explanation of the present result, but it is clear that the 
adjacent sulphate group renders the glycosidic methoxy] labile to alkali. In (VI) it will be noted 
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that these two groupings are trans- to one another which recalls the fact that the alkali fission of 
the phenylglycosides proceeds most readily when the phenoxy-group is in the #vans-position with 
respect to the hydroxyl residue on C,, as in $-phenylglucoside (Montgomery, Richtmyer, and 
Hudson, J. Amer. Chem. Soc., 1943, 65, 1848; J. Org. Chem., 1945, 10, 194; McCloskey and 
Coleman, ibid., p. 184). If, as is quite likely, the barium 4: 6-benzylidene a-methylglucoside 
sulphate is the 2-sulphate (IV), the sulphate and methoxyl groups are in the cis-positions, and 
this might explain why fission of the glycosidic methoxyl was not observed; it is hoped that 
further work will illuminate these points. 


: EXPERIMENTAL. 


Barium 3-Methyl 1:2-Momoacetone Glucofuranose 6-Sulphate.—3-Methyl 1: 2-monoacetone 
glucofuranose was prepared as a colourless syrup by the methods of Freudenberg e al. (Ber., 1923, 56, 
2125; 1926, 59, 104). The product had n}® 1-4740, [a]}®" — 54° (c, 3-1, in chloroform) [Found : OMe, 
12-8; (CH,),CO, 23-3. Calc. for C,9H,,0, ° OMe, 13-2; (CH,),CO, 248%]. 

Sulphation with chlorosulphonic acid (approx. 1 mol.) in pyridine was carried out as described in 
Part III (loc. cit.). In a typical experiment the above p (10-1 g.) in dry pyridine (80 c.c.) 
was vigorously stirred and treated with chlorosulphonic acid (3:65 c.c.) in chloroform (40 c.c.) at — 15°. 
The mixture was neutralised with barium hydroxide solution, the excess being removed with carbon 
dioxide; it was found necessary to add alcohol to obtain a homogeneous solution, owing to the solubility 
of the free 1 : 2-monoacetone 3-methyl glucofuranose sulphate in chloroform with the resulting danger of 
incomplete neutralisation; in some experiments chloroform was removed under reduced pressure at 15°. 
The crude barium salt (15 g.) was isolated in the usual way and purified by dissolving in twice the 
minimum volume of acetone followed by partial precipitation (8-1 g.) with Sy troleum (b. p. 60—80°) ; 
[a}i?* — 19° (c, 1-0, in water) [Found: Ba, 18-5; OMe, 8-7; SO,, 23-2; (CH,),CO, 15-0. (C,,H,,OS),Ba 
requires Ba, 18-0; OMe, 8-1; SO,, 25-2; (CH;),CO, 15-2%). 

3-Methyl 1 : 2-Monoacetone 5 : 6-Anhydroglucose.—The above barium salt (3-53 g.) was dissolved in 
warm anhydrous methanol (10 c.c.) and cooled to room temperature. A solution (6-5 c.c.) of sodium 
(5%) in methanol was added with stirring and the mixture heated at 40° for 3 hours, whereby the mobile 
liquid was completely converted into a stiff transparent gel owing to separation of colloidal barium 
sulphate. The gel was treated with excess of a mixture of chloroform and methanol (1: 1), and carbon 
dioxide bubbled through until wet phenolphthalein paper was no longer affected. Water (300 c.c.) was 
then added followed by repeated extraction with oroform. The combined extracts were dried 
(Na,SO,) and evaporated at 40°/15 mm.; the residual syrup was distilled at 120—130°/0-02 mm. in the 
presence of barium carbonate (0-2 g.), to give a colourless mobile oil (1-0 g.), [a}}?° — 63° (c, 4-5, in 
chloroform) (Found: OMe, 16-5. Calc. for C,,H,,0,: OMe, 144%). Since it was suspected that this 
product was contaminated with 3 : 6-dimethy!l 1 : 2-monoacetone glucose, the crude oil in chloroform 
(20 c.c.) was adsorbed on a column of aluminium oxide (30cm. X l1cm.). The column was eluted with 
5 portions (20 c.c.) of chloroform, and the syrup (0-4 g.) obtained after removing chloroform from the 
second fraction gave at 120°/0-01 mm. an oil (0-3 g.) which had the properties required for 3-methyl 
1 : 2-monoacetone 5 : 6-anhydroglucose; namely niS* 1-4610, [a]}?” — 67° (c, 4-0 in chloroform) (Found : 
OMe, 14-3. Calc. for C;7H,,0,;: OMe, 14-4%). 

3: 6-Dimethyl 1: 2-Monoacetone Glucofuranose and 3: 6-Dimethyl Glucose.—3-Methyl 1 : 2-mono- 
acetone 5 : 6-anhydroglucose (0-5 g.) obtained as described above was heated at 90° with a solution of 
sodium (0-5 g.) in anhydrous methanol (10 c.c.) for 18 hours. Neutralisation by carbon dioxide, dilution 
with water, and extraction with chloroform was followed by distillation at 110—120°/0-01 mm. to give 
an oil (0-3 5) nif 1-4622, [a]}f” — 46-5° (c, 4-5.in chloroform) (Found: OMe, 21-5. Calc. for C,,H4,0,: 
OMe, 25-0%). 

The above product (0-2 g.) was left at 37° for 48 hours with sulphuric acid (200 c.c.; 0-2n). 
Neutralisation with barium carbonate followed by filtration and evaporation at 40°/15 mm. gave a sugar 
which was twice recrystallised from hot ethyl acetate to give crystals (0-1 g.), [aj}®" + 61° (c, 0-8 in 
water; equilibrium value) (Found: C, 46-0; H, 7-5; OMe, 29-8. Calc. for C,H,,0,: C, 46-1; H, 7:7; 
OMe, 30-0%), m. p. 115—116°, unchanged on admixture with an authentic specimen of 3 : 6-dimethyl 
glucose provided by Dr. D. J. Bell, and with y prtenene ae prepared by the action of sodium methoxide on 
3-methyl 1:2-monoacetone glucofuranose 6-toluene-p-sulphonate (Found: OMe, 7-4. Calc. for 
C,,H,O,S: OMe, 8-0%), and from 3-methyl 1 : 2-monoacetone glucose 5 : 6-ditoluene-p-sulphonate 
(Found : OMe, 5:5. Calc. for C.4H390,.S,: OMe, 5-7%). 

In another experiment the sulphate (2-0 g.) was heated at 90° for 24 hours with sodium in methanol 
(25 c.c.; 5%). Neutralisation and isolation as previously described gave an oil (0-5 g.), »}" 1-4637 
(Found : OMe, 22-8%) which was treated with sulphuric acid (0-2N) as before, and the sugar purified by 
filtration through a column of aluminium oxide to give crystals of 3 : 6-dimethyl glucose, m. p. 114°, not 
depressed on admixture with an authentic specimen. 

Barium 4:6-Benzylidene a-Methylglucoside Sulphate.—4 : 6-Benzylidene a-methylglucopyranoside, 
m. p. 163° (10-5 g.), was sulphated as previously described to yield a product (9-5 g.) a + 39-5° 
(c, 1-2 in water) [Found: Ba, 17-6; SO,, 23-0; OMe, 8-4. (C,,H,,0,S),Ba uires Ba, 15-9; SO,, 
22-4; OMe, 7-2%]. This was hydrolysed as previously described with excess of a solution of sodium 
(5%) in methanol at 15° and at 90°. Four such experiments were conducted and in none was any 
material other than 4: 6-benzylidene a-methylglucoside obtained from the hydrolysate. In one 
experiment barium 4 : 6-benzylidene a-methylglucoside sulphate (8-8 g.) was hydrolysed for 18 hours at 
90° with sodium methoxide in methanol. The product was dissolved in ethyl acetate and three crops 

(5-0 g.) of 4: 6-benzylidene a-methylglucoside were isolated. The residues gave a partly crystalline 
substance (0-9 g.) which was chiefly 4 : 6-benzylidene a-methylglucoside (Found : OMe, 10-1%). 
6-Methyl 3:4-Monoacetone B-Methylgalactoside—6-Methyl f-methylgalactoside (11-0 g.) was 
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converted into the monoacetone derivative by the method of Ohle and Thiel (Ber., 1933, 66, 525) as 
modified by McPhillamy and Elderfield (J. Org. Chem., 1939, 4, 150). Distillation at 120°/0-01 mm. 
gave an oil which crystallised at 0°; recrystallisation from ethyl acetate—light petroleum (b. p. 60—80°) 
gave a product, m. p. 72—74°, [a]}” + 11° (c, 1-4 in chloroform) [Found : C, 52-8; H, 8-1; OMe, 23-1; 
(CH;),CO, 25-9. C,,H,90, requires C, 53-2 ;~H, 8-1; OMe, 25-0; (CH;),CO, 23-4%]. 

Two methylations (0-4 g.) with Purdie’s reagents followed by distillation at 120°/0-01 mm. gave 
2 : 6-dimethy] 3 : 4-monoacetone f-methylgalactoside (0-35 g.), [a] + 2° (c, 1-0 in chloroform), m. p. 
55—56°, unchanged on mixing with an authentic specimen prepared by Dr. D. J. Bell. 

Barium 6-Methyl 3:4-Monoacetone B-Methylgalactoside 2-Sulphate.—6-Methyl 3 : 4-monoacetone 
B-methylgalactoside (1-7 g.) was sulphated as previously described to yield a barium salt (3-1 g.), [a]? 
+ 10° (c, 1-0 in water) [Found: Ba, 18-0; SO,, 24:8; (CH;),CO, 13-2. (C,,H,,0,S),Ba requires Ba, 
17-4; SO,, 24:3; (CH;),CO, 14-6%]. 

Barium 6-Methyl B-Methylgalactoside 2-Sulphate.—The above product (2-7 g.) was treated with 
sulphuric acid (0-2nN) at 37° as previously described to yield a non-reducing barium salt (2-3 g.), 
[a]}>° + 0° (c, 1-0 in water) [Found : Ba, 17-5; SO,, 25-6; OMe, 15-4. (CsH,,0,S),Ba,4H,O requires Ba, 
17-5; SO,, 24:5; OMe, 15-8%]. To this substance (2-0 g.) in methanol (25 c.c.), a solution of sodium 
in methanol (50 c.c.; 5%) was added. No reaction took place during 24 hours at 15°, 24 hours at 40°, 
or 6 hours at 60°. When the temperature was raised to 90°, however, the solution rapidly darkened. 
After 18 hours at 100° the product was worked up in the usual way to give a dark reducing syrup (0-5 g. ; 
OMe, 25-3%). The syrup obtained from a second experiment had OMe, 21:8%. It is thought probable 
therefore that the syrups obtained were specimens of 6-methyl f-methylgalactoside (OMe, 29-9%) 
contaminated with reducing material formed by the fission of the glycosidic methoxyl group. 


Thanks are expressed to the Carnegie Trust for the Universities of Scotland for a Scholarship (R. B. D.), 
to Dr. D. J. Bell for the gift of specimens, and to Imperial Chemical Industries Ltd. and the Earl of 
Moray Endowment for grants. 
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335. The Solubility at High Temperatures of Pure Sucrose in Water. 
By MILLICENT TaYLor. 


A method of determining the solubility of sucrose at high temperatures has been devised 
which avoids the necessity of analysis of the solution. In its present form it has been found 
applicable only to temperatures between 64° and 82°. The relationship between saturation 
concentration and ee is expressed by an equation which enables the results to be used 
in the determination of other thermodynamic properties of sucrose solutions. 


THE method to be described was devised with the object of avoiding the filtration at high 
temperatures and the handling for analytical purposes of highly concentrated, viscous sucrose 
solutions. The behaviour of a crystal of sucrose in. approximately saturated solution of 
accurately known concentration is observed microscopically during both falling and rising 
temperature, and the temperatures of incipient healing and erosion are noted. The mean of 
these two temperatures is taken as the saturation temperature of the solution. The first 
experiments on these lines were carried out by Dr. A. Wischin, but as she was unable to continue 
the work, the author undertook preliminary experiments which showed considerable deviation 
from the results of previous investigators (Herzfeld, Z. ver. Riibenz.-Ind., 1892, 181, 232; 
Nuszbaum and Grube, Z. Elektrochem., 1928, 34, 91; Grut, Z. Zuckerind. Czechoslovak, 1937, 
61, 356). After some modification of the original apparatus and calibration of all precision 
instruments, the experiments described below were carried out. 


EXPERIMENTAL. 


Apparaius.—A glass cell, A (Figs. 1 and 2), provided with a horizontal tubular observation shelf, B, 
is closed by a hollow aoe. C, the bottom of which is of plane optical glass. The cell slides into a 
cylindrical water-tight well in the cover of a small lagged thermostat, S, the temperature of which is 
controlled by water ——— from a large thermostat. The lower opening of the well and a corresponding 
circular opening in the bottom of the thermostat are closed by adaptable plane-glass plates, each held in 
position by a brass ring and rubber washer. The cell is illuminated through the glass plates by a 
reflected beam from a 100-watt lamp. A copper-—constantan thermocouple consisting of two junctions 
in series passes into the tubular space under the shelf. The junctions and leads are enclosed for a length 
of about 8 cm. in very thin drawn-out glass tubing, which is bent at right angles to fit snugly against the 
side of the cell. A space is left between the junctions to allow of unobstructed microscopic observation 
of a crystal -_— on the shelf between the two junctions. The plate D, also of plane optical glass, 
covering the hollow stopper, is required to prevent irregularities of temperature due to convection currents. 


Strips of tin foil, in all some 7 or 8 yards in length, are smoothly packed outside the cell and leads, and 
serve to prevent convection currents in, and to aid conduction of heat across, the annular space 
surrounding the cell. The latter is also provided with a copper collar carrying a rubber flange which 
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assists in closing any remaining airspace. A mark inside the cell indicates the level at which the solution 
should stand before insertion of the stopper, which dips considerably under the surface of the solution. 
A Winkel-Zeiss camera microscope, M, which has a visual magnification of about 40 diameters, is used 
for observation of the crystal. 

Calibration.—The thermocouple is calibrated up to 86° on a millivoltmeter reading up to 7 mv., 
against a standard thermometer (N.P.L.) graduated in 0-1° and correct to 002°. For calibration, the 
thermometer and the thermocouple are immersed to a depth of about 7 cm. in a narrow tube of mercury 
suspended in a thermostat. The temperature is regulated and read by means of a levelled telescope to 
about 0-02°. The millivoltmeter is graduated to 0-05 mv. and the reading can be estimated to bout 
0-005 mv., which corresponds on this instrument, using the two junctions, to approximately 0-05°. The 
accurate measurement of any temperature difference between the thermocouple under the shelf and the 
solution on the surface of the latter was initially found to be a matter of some difficulty. The problem 
was ultimately solved by calibrating the thermocouple im situ against the setting or melting points of 
highly purified samples of palmitic, stearic, and behenic acids, of which the respective setting points are 
62-66°, 69-60°, and 80-02° (Professor F. E. Francis, unpublished work). -Chloronitrobenzene, s. p. 
83-04°, proves satisfactory at the somewhat higher temperature. The m. p.s were redetermined against 
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the N.P.L. standard, which was used to calibrate the thermocouple. A sharp m. p. giving reliable 
results in the second decimal place could not, at first, be obtained. For example, in the case of stearic 
acid, which gave the least satisfactory value, the recorded m. p. lay between 69-48° and 69:60°. With 
palmitic acid and behenic acid, the corresponding range was almost negligible. The m. p.s so determined 
are 62-56°, 69-54° (mean), and 80-00°, respectively. 

Two thermocouples, X and Y, have been used during these experiments. The former was in use 
during the period when it was impossible to obtain insulating sleeving, and short lengths of drawn-out 
glass tubing were slid over the leads as a somewhat inconvenient substitute. For the purpose of 
calibration a small quantity of the ground, purified compound was sealed into a very thin flattened glass 
tube, which replaced the sucrose crystal on the observation shelf. The cell was then filled up to the 
mark, in one case with sucrose solution of one of the e imental concentrations, and in another case 
with water. The change from water to sucrose solution did not affect the readings. 

An example of the results obtained by the control calibration of thermocouple X is given in Table I. 
_ The use of this mean takes into account the uncertainty in the m. p. of stearic acid and the fact that 
its m. p. lies between those of the other two acids. Subsequent checkihg of this calibration showed no 
significant change in the correction. 

When thermocouple Y was prepared, insulating sleeving was available and a smoother and more 
compact tinfoil jacket was applied to the cell. Also, it was found possible to get a sharper comparison of 
the thermocouple and the standard thermometer by taking as identical in the melting point tube and in 
the solubility cell the temperature at which crystals shoot out from a partly molten mass, causing the 
smooth liquid meniscus to me irregular (setting point) or melting back to allow the smooth meniscus 
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TABLE I, 
M. p.s of standards used for calibration of thermocouple X. 

In solubility cell, Correction on 

Acid. In m.p.tube. read on milivoltmeter. thermocouple. 
PIII. snnncrceunsstnncseccmighuadenntinnneanl 62-56° 62-40° +0-16° 
Stearic .....ccccccccccccccccsccccescscessscscoces 69-54 (mean) 69-45 +0-09 
Behemic  .......cccccececccccccsccoceceeces gree 80-00 79°84 +0-16 
Mean +016 


to re-form (melting point). The difference between the setting and melting points determined in this 
way lay within the accuracy of calibration of the standard thermometer. 


For these reasons, the calibration of thermocouple Y is probably of higher accuracy than that of 
thermocouple X. The results of the calibration of thermocouple Y are given in Table II. 


TaBLeE II. 
M. p.s of standard substances. 


In solubility cell, read Correction on 


_ Date. Substance. In m. p. tube. on millivoltmeter. thermocouple. 
June, 1945 Palmitic acid 62-62° 62-57° +0-05° 
Stearic acid 69-54 69-51 . +0-03 
p-Chloronitrobenzene 83-04 83-00 +0-04 
Mean -+0-04 
Repeated after removal of tinfoil and repacking. 
Sept., 1945 Palmitic acid 62-56 62-57 —0-01 
Stearic acid 69-54 69-55 —0-01 
Behenic acid 79-91 79-94 —0-03 
Mean —0-02 


These corrections are within the limits of the error on the thermocouple readings, but they indicate 
that care must be taken in packing the cell and that frequent recalibration is advisable. 

Procedure.—Tate and Lyle’s purest sucrose containing on a dry basis 99-99% of sucrose and 
0-001—0-003 % of invert sugar is very finely ground and dried to constant weight in a vacuum oven under 
standard conditions (see International Commission for Uniform Methods of Sugar Analysis, London, 1936), 
i.e., at a temperature not exceeding 60°, in a stream of dried air, the pressure not being allowed to exceed 
5 cm. Hg. The air-drying agent used is an activated alumina, having a drying efficiency more than a 
1000-fold that of calcium chloride. After being dried, the sucrose is transferred by means of a long, wide 
thistle funnel to a long-necked, weighed bulb of about 60 c.c. capacity. The lower part of the neck of the 
bulb has an internal diameter of at least }’’ to allow of unhindered outflow of the viscous solution. The 
calculated weight of conductivity water for any required concentration is added from a weight burette, 
provided with a long delivery tube. After thorough mixing at room temperature, the contents of the 
flask are rapidly frozen in solid carbon dioxide—methylated spirit and after constriction of the neck of the 
flask the latter is exhausted, the contents are allowed to warm up without admission of air, and the 
freezing and exhaustion are repeated. The flask is then sealed, subjected to violent automatic shaking 
for at least an hour at a temperature several degrees higher than the saturation point, and after rapid 
cooling in ice-water the solution is allowed to reach room temperature for a control weighing. 

The seeding crystals, at least two in number and as small as can conveniently be handled, of linear 
dimensions 0-5—0-25 mm. or less, are placed in position on the shelf of the cell which, with 
its thermocouple in position, is now connected with the millivoltmeter and is ready to be put into the 
thermostat. All necessary regulation of the thermostats must be made before the bulb is opened. The 
cell must, of course, be cold, but the stopper should be slightly warm and greased with a mixture of 
apiezon grease plus 25% of aluminium stearate. The neck of the bulb, which is clean and dry inside, is 
then cut across the wide part, and a weighed rubber bung is inserted. After a final control weighing, the 
result of which has in no case differed by as much as 0-01% from the initial weight of the solution, the 
latter is cooled to the dew point as determined by a Casella whirling hygrometer, and is quickly poured 
into the cell. After being closed and before being transferred to the thermostat, the latter is put into a 
closely fitting, dry beaker and rapidly heated in an electrically controlled water-bath until the 
temperature indicated by the thermocouple approaches the saturation temperature. The object of this 
is to check the growth of the seeding crystals and of any centres of ye tae peer op which are liable to 
form as the cold solution is poured into the cell. The initial formation of a few such chance crystals ma 
be advantageous as they are very small relatively to the original seeding crystals, are perfectly shaped, 
and while the smallest disap rapidly when the saturation temperature is ove , a larger one 
can frequently be retained as a very sensitive temperature indicator. In solutions of higher 
concentration, 80% and upwartis, the deposition of crystals becomes unmanageable, putting an upper 
limit to the range of concentrations to which this method has been found applicable. 

In the thermostat there is considerable time lag in the response of the cell temperature to the thermostat 
regulation. The lag is probably due to the residual air space in the well of the thermostat and is liable to 
lead to overstepping of the crucial temperature in either direction. This disadvantage has to some 
extent been overcome by changing the temperature very slowly. A rate of change of 0-02° per minute 
has been aimed at, and in most cases it has not been exceeded. A slow rate of change has disadvantages, 
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for example, the considerable inversion which is liable to take place, and tlie possibility of the formation 
of localities of different concentration either in layers or in the neighbourhood of the crystal. Cautious 
rocking of the whole thermostat is the limit of disturbance permissible on account of the liability of the 
crystal to escape from the field of vision, with consequent failure of the experiment. To detect possible 
errors due to the above-mentioned changes, two pairs of observations of incipient solution and heali 
temperatures have, when possible, been made with any one solution, and since thé results have been 
found to agree within the limits of the experimental error, the mean of the two pairs of readings is taken 
as the saturation temperature. 

Preliminary experiments were carried out with solutions having saturation temperatures lying 
between 59° and 62°, but owing to the slow rates of solution and growth at these temperatures, extremely 
long periods of watching were required, there was a wide interval between the observed incipient erosion 
and healing temperatures, and the results are somewhat irregular. It was, therefore, decided to limit the 
experiments to temperatures higher than 64°. 

Table III contains a complete record of all the results except those of the above-mentioned tentative 
experiments and those that gave no reliable result on account of breakdown of the thermocouple or other 
obvious accident. m 
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The solutions are arranged in order of concentration. The letters in the first column give the order in 
which the solutions were prepared and investigated. The missing letters refer to solutions which gave 
no result for one or other of the reasons stated above. The numerals in brackets beside the actual 
temperature readings record the length of time in hours for which the solution had been in the cell when 
the reading was taken. The final percentage of sucrose inverted, estimated as described later, is recorded 
in the last column. The remainder of the table is self-explanatory. 


TABLE III. 


Saturation temperatures of sucrose solutions varying in concentration from 75 to 79 g. 
of sucrose per 100 g. of solution. 


Saturation Total 
Concn., $s. be. temp., time in 
g./100g. Thermo- Incipient t, +4, cell % 
Soln. solution. couple. erosion. healing. in “Coy (hrs.). inverted. 
F 75-036 x 64-21° (4) 64-04° (24) 64°13° 8 0-07 
D 75-047 x 64-45 (3) 63-50 (4) 63-98 6 0-22 
E 75-050 xX (i) 64-26 (24) — —_— — — 
(ii) 64-26 (5) 64:03 (54) 64-15 64 0-18 
.@) 76-010 A 68-33 (44) 68-23 (2) 68-28 5} 0-13 
N 76-699 pa (i) 71-28 (24) 71-18 (13) 71-23 — —_ 
(ii) 71-28 (34) 71-18 (4) 71-23 73 0-20 
J 76-730 x (i) 71-57 (4) 71-46 (14) 71-52 — — 
(ii) 71-65 (3) 71-35 (32) 71-50 34 0:07 
G 76-740 x (i) 71-50 (12) 71-32 (1 71-41 — — 
(1i) 71-55 tS ) 71-32 (6 71-44 7 0-31 
H 76-747 x 71-58 (22) 71-22 (32) 71-40 8 0-10 
R 77-994 ¥’ 76-80 (44) 76-65 (32) 716-72 7 0-17 
Oo 79-144 Yy 81-44 (54) 81-40 (2) | 81-42 7 0-50 
M 79-172 ¥ 81-44 (34) 81-34 (14) 81-39 7 1-0 


Fg. 3 is a graphic record of the results collected in Table III. The broken line represents 
+he smoothed curve of best fit, calculated by the method of least mean squares, on the assumption that the 
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concentrations are correct to the third decimal place. The mean of two determinations of saturation 
temperature for one and the same solution is given the same weight in the calculation as the single 
determination in the case of the other solutions. 

The equation for the curve is C = 63-608 + 0-1322¢ + 0-00722#, where C is the concentration in g. 
of sucrose per 100 g. of solution and ¢ is the saturation temperature (°c.). The calculated probable error 
of observation is + 0-053° in the sense that the chances that the error is greater or less than the true 
value are even. This error is of the same order as the observed uncertainty in the reading of the 
millivoltmeter. d 

The readings in Table III, recording saturation temperatures at different times for any one solution, 
show that any progressive change such as inversion or possible evaporation during the observations has 
had no appreciable effect on the saturation temperature. Also, different solutions of approximately the 
same initial concentration give closely concordant values. 


TABLE IV. 


Saturation concentrations of aqueous solutions of pure sucrose from 64° to 82°, 
in g. per 100 g. of solution. 


Temp. Herzfeld. Grut. Taylor. Temp. Herzfeld. Grut. Taylor. 
64° 74:98 75°41 75°026 74° 77:06 77-71 77°345 
65 75°18 75°64 75-251 75 77-27 77-95 77-584 
66 75°38 75°86 75-478 7 77-48 78-18 77-825 
67 75-59 76-09 75-706 77 77°70 78-42 78-068 
68 75-80 76°31 75:936 78 77-92 78-66 78-312 
69 76-01 76-54 76-168 79 78:14 78-90 78-558 
7 76:22 76-78 76:400 80 78-36 79°15 78-805 
71 76°43 77-01 76-634 81 78-58 — 79-053 
72 76°64 77°24 76-869 82 78-80 — 79-305 
73 76°85 77-47 77-106 


A final control determination of the concentration is impracticable on account of the small size of the 
cell, the fact that the stopper dips deeply into the viscous solution, and the necessity of removing the 
stopper before the solution is uniformly cold. Nevertheless, the percentage of sucrose inverted is not 
affected by evaporation occurring after opening the cell and is determined, after suitable dilution, by 
refractometer and polarimeter readings. Where inversion is very small the result has been checked by 
means of de Whalley’s colorimetric method (Intern. Sugar J., 1937, 39, 300; 1944, 46, 211). 

This method has the advantage over methods hitherto described (see below) that the concentration 
is accurately known and, as the results show, is maintained appreciably constant till the readings are 
complete. Exposure to the atmosphere occurs only on transfer of the solution to the experimental cell, 
after accurate cooling to the dew point which, in the absence of crystals, presents no difficulty. 

Table IV records saturation concentrations for whole degrees calculated from the equation of the 
smoothed curve. For purposes of comparison the corresponding saturation concentrations given by 
Herzfeld and by Grut (/occ. cit.) are alsoincluded. All weights are uncorrected for buoyancy. Herzfeld’s 
equation was C = 64-1835 + 0-13477¢ + 0-0005307# (no probable error given), and calculation shows 
that his curve would cut ours at 62°. Grut did not suggest an equation. 


Discussion.—Herzfeld’s equation is undoubtedly distorted by the fact that after a solution 
had been heated for a long period at 90—100°, he determined the saturation concentration of the 
solution at ca. 100° solely by a polarimeter reading. Also, he took no measurements between 
that temperature and 60°. Experiments in this laboratory have shown that at temperatures 
exceeding 85° inversion becomes rapid even in a vacuum, and the process is hastened by the 
presence of air. Consequently, the actual concentration in the above experiments of Herzfeld 
must have been considerably higher than that indicated by the polarimeter on the assumption 
that the percentage of invert present was negligible. Grut (loc. cit.), on the other hand, gives no 
satisfactory indication as to how he attacked the problem of loss of water by evaporation. It is, 
therefore, probable that Herzfeld’s saturation concentrations above 60° are too low and Grut’s 
too high. Our values fall between the two. Inspection of Table IV shows that in the 
concentration region of 78°80%, Herzfeld’s saturation temperatures are about 2° higher than ours 
and Grut’s about 14° lower. 

There is some confirmation of the validity of our equation in a determination of the solubility 
of sucrose at 25° by Scatchard, Hamer, and Wood (J. Amer. Chem. Soc., 1938, 60, 3061), who 
used an isopiestic method which appears to be extremely accurate as far as temperature 
measurement is concerned, though the method of drying otherwise pure sucrose is less reliable 
than the standard method used by us. Nevertheless, the recorded solubility of 67°44 g. of 
sucrose per 100 g. of solution (corrected for buoyancy) is probably more accurate than any other 
practically determined value, and it agrees remarkably with the extrapolated value of 67°357% 
at 25° calculated from our equation, and corrected in this example for buoyancy. If there were 
error appreciably greater than the calculated probable error in our results, extrapolation should 
expose it. 
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In conclusion, it may be pointed out that any method which tends to increase the accuracy 
of the determination of saturation concentrations is important for the calculation of other 
thermodynamic relationships. For example, Williamson (Trans. Faraday Soc., 1944, 40, 435, 
eqn. 34) has introduced the quantity (dm/d?),.,, where m = mols. of sucrose/1000 g. of water, 
into an exact equation for the calculation of heats of solution. This quantity is immediately 
obtained, for any given value of ¢, from our equation by substitution for C in terms of m and 
differentiation. 


My thanks are due to Mr. Philip Lyle, of Messrs. Tate and Lyle, Ltd., for arranging that this work 
shall be submitted for publication, to Professor W. E. Garner, C.B.E., F.R.S., for suggesting the method 
and for helpful advice, and also to Miss Marjorie J. Littleton, B.A., for calculating the equation for the 
smoothed curve and the probable mean error of the experiment. 

This work has been carried out by arrangement with the Ministry of Food, Sugar Division. 


THE UNIVERSITY, BRISTOL. [Received, February 7th, 1947.} 





336. Experiments on the Synthesis of Cyanomaclurin. 
By Eric L. Fonseka. 


w-Methoxy-2 : 4-dibenzoylresacetophenone (II, R= H) does not undergo the Mannich 
reaction, thereby excluding a proposed synthesis of the cyanomaclurin nucleus from 
(I, R = CH,*NEt,) and phloroglucinol. Catalytic reduction of the flavylium salt (III, R = H) 
apparently to the flaven (IV, R = H), indicated an alternative route, but the hydrogenation 
product of O-5: 2’: 4’-tribenzoyl-O-3-methylmorinidin chloride (III, R = O-COPh), which 
resembled cyanomaclurin in its colour reactions, could not be recrystallised. 


In the course of experiments on the synthesis of cyanomaclurin (I) (see also Bhalla and RAy, 
J., 1933, 288; Mitter and Saha, J. Indian Chem. Soc., 1934, 11, 257; Mitter and Maitra, ibid., 
1936, 13, 236), attempts have been made to prepare a Mannich base, e.g. (II, R = CH,*NEt,), 
which, on condensation with phloroglucinol, would be expected to give a cyanomaclurin 
derivative. Despite the use of a wide variety of conditions, w-methoxy-2 : 4-dibenzoylresaceto- 
phenone (II, R = H) failed, however, to undergo the Mannich reaction. 

An alternative route was therefore examined, depending on the catalytic reduction of an 
appropriate flavylium salt. In order to explore the method, experiments were first carried out 
with 17-hydroxy-2’ : 4’-dibenzoyloxy-3-methoxyflavylium chloride (III, R= 4H), which was 


OH 
Hof)” ) {pou co 0-COPh 
wy CY - [7 
- a Scorn i thee 
HOF —~ SO-COPh HOZ ~ SO-COPh 
0e: V4 iy: eA 
\A ane VA (eS 
(III.) RoH, (Iv.) 


prepared from §-resorcylaldehyde, w-methoxy-2 : 4-dibenzoylresacetophenone (II, R = H), and 
hydrogen chloride in ethyl acetate solution. Reduction in acetic acid in presence of 
Willstatter’s platinum catalyst gave a product analysing as a sesquihydvate of the flaven 
(IV, R = H), afd showing with alkali and with concentrated sulphuric acid the colour reactions 
associated with the cyanomaclurin nucleus. 

Similarly, the condensation of 2-benzoylphloroglucinaldehyde with (II, R= H) gave the 
well-defined O-5 : 2’ : 4’-tribenzoyl-O-3-methylmorinidin chloride (III, R = O-COPh), which also 
absorbed two mols. of hydrogen on catalytic reduction. The crude substance likewise exhibited 
the colour reactions of cyanomaclurin, but all attempts to recrystallise the product for analysis 
were unsuccessful. 

EXPERIMENTAL. 

w-Methoxy-2 : 4-dibenzoylresacetophenone (II, R= a Pye! my ps w-methoxyresacetophenone 

(Slater and Stephen, J., 1920, 312) (13-2 g.) was dissolved in pyridine (65 c.c., redistilled over potassium 


hydroxide) and the solution cooled in ice while pure benzoyl choride (24-5 g.) was added with vigorous 
ae during 20 minutes. meee was continued for } hour longer, by which time the smell of benzoyl 
chlori ppeared, 


e had practically disa; and the mixture left over-night. It was then poured on a mixture 
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of crushed ice and dilute sulphuric acid, with stirring all the time; a lemon-yellow oil separated, which 
gradually grew more viscous and finally solidified. e solid was ‘collected, and washed first with cold 
diluted sulphuric acid and then with water. Recrystallised twice from alcohol, the dibenzoate (25 g.) 
separated in flat needles, m. p. 74—75°, which gave no reaction with ferric chloride (Found, after 
over calcium chloride in a vacuum desiccator: C, 70-8; H, 45. C,,H,,0, requires C, 70-8; H, 46%). 
7-Hydroxy-2’ : 4’-dibenzoyloxy-3-methoxyflavylium Chloride (Ill, R = H).—Well -dried w-methoxy- 
2 : 4-dibenzoylresacetophenone (1-18 g.) was dissolved in dry ethyl acetate (30 c.c.). Resorcylaldehyde 
(0-63 g., dried in a vacuum over sulphuric acid) was added and the mixture warmed to complete solution. 
The clear liquid was cooled in ice and saturated with hydrogen chloride for 2 hours, care being taken 
to prevent access of moisture. A deep orange-red solution was obtained which was left in a tightly 
corked flask in the ice chest for 2 days. The flavylium salt separated as a red solid which crystallised 
from hot glacial acetic acid in flat, rectangular, orange — (Found, in air-dried substance: C, 62-1; 
H, 4:4; Cl, 6-2; OMe, 5-4. C,H,,0,C1,3H,O requires C, 61-8; H, 4-6; Cl, 6-1; OMe, 5-3%). 
7-Hydroxy-2’ : 4’-dibenzoyloxy-3-methoxyfiaven (IV, R = H).—The flavylium salt (1 g.) dissolved in 
glacial acetic acid (160 c.c.) was placed in a hydrogenation flask with the platinum catalyst (0-1 g.). The 
absorption of hydrogen, which was fairly rapid up to 35 c.c., slowed down considerably and after 24 
hours reached 45 c.c. (2H requires 36 c.c.), while the deep orange-red solution turned light brown. The 
reduced solution was diluted with a large quantity of ether and the ethereal extract, after being washed 
with ice water, sodium bicarbonate solution, and then again with ice water, was dried (CaCl,) and 
the ether removed under reduced pressure at room temperature. A faintly pink solid was obtained 
which, after repeated precipitations with dry petrol from an ethereal solution, was crystallised from a 
mixture of these two solvents. The crystals were faintly yellow, and on treatment with sodium 
hydroxide in the cold gave a blue dichroic solution which turned green on standing. With concentrated 
sulphuric acid, a claret-red solution was obtained (Found, in substance dried in a vacuum over calcium 
chloride : C, 69-0; H, 4-6. C,,H,,O,,1-5H,O requires C, 69-2; H, 4-7%). 
O-5: 2’: '.Tribenzoyl-O- 3-methylmorinidin Chloride (II, R= O-COPh).—Pure dry} w-methoxy- 
2 : 4-dibenzoylresacetophenone (5 g.) was dissolved in dry ethyl acetate (100 c.c.), and 2-benzoylphloro- 
glucinaldehyde (3-2 g.) added. The mixture was warmed to ensure complete solution and filtered. The 
clear solution, cooled in ice, was saturated with dry hydrogen chloride for 3 hours. A small quantity of 
the sparingly soluble benzoylphloroglucinaldehyde separated and was removed. The clear deep red 
solution was left in the ice chest for 3 days, but no flavylium salt separated. It was then poured into 
dry ether, and the solid which separated was collected and washed with dry ether. The salé was deep red 
with a green reflex; unlike the resorcinol analogue it was readily soluble in glacial acetic acid. It was 
crystallised from methyl cyanide, separating in flat orange rectangular plates (Found, in substance dried 
over sulphuric acid: C, 66-6; H, 3-82; Cl, 5-1. CarHy,0,Cl, ee eg rg C, 66-6; H, 4:05; Cl, 5-3%). 
The flavylium salt (1 g.) was dissolved in glacial acetic acid (60 c.c.), Willstatter’s platinum catalyst 
(0-1 g.) added, and the solution shaken with hydrogen. The quantity of hydrogen taken up was 34 c.c. 
(2H requires 34 c.c.). The solution changed in colour from dark orange-red to light brownish-red which 
darkened considerably in contact with air. It was quickly filtered into ice—-water, and the faintly pink 
solid collected, washed with water, and dried in a vacuum over calcium chloride. In dilute sodium 
hydroxide solution a faint gree n colour was observed, which on heating became bright blue, while 
concentrated sulphuric acid dissolved it to yield a crimson solution. 


The author expresses his thanks to Sir Robert Robinson, P.R.S., for advice and encouragement 
during the course of this work. 


Dyson PERRINS LABORATORY, OXFORD. 
UNIVERSITY OF CEYLON, COLOMBO. [Received, November 15th, 1946.] 





337. The Synthesis of B-6-Methoxyquinolyl(4)ethylamine, B-6-Methoxy- 
quinolyl(4)propionamidine, and B-6-Methoxyquinolyl(4)ethylguanidine. 
By JAMEs WALKER. 

B-6-Methoxyquinolyl(4)-ethylamine, -propionamidine, and -ethylguanidine have been 
synthesized. In common with quinine, each possesses a strongly basic group separated by a 


chain of two carhon atoms from the 4-position of 6-methoxyquinoline. The substances were 
devoid of antimalarial activity. 


IN quinine, the significance of which in the chemotherapy of malaria requires no emphasis, one 
finds that a strongly basic group is separated from the 4-position of 6-methoxyquinoline by 
a chain of two carbon atoms as shown in the partial formula (I), where details of the quinuclidine 
ring system are omitted for the sake of clarity. 

Although Giemsa and Oesterlin (Arch. Schiffs- u. Tropen-Hygiene, 1933, 37, Beiheft 4), in 
studying numerous modifications of the quinine molecule, have attached considerable significance 
to the alcoholic hydroxyl group, and its replacement in the cinchona alkaloids by chlorine results 
in loss of antimalarial activity (Cohen and King, Proc. Roy. Soc., 1938, B, 125, 49), the prime neces- 
sity for the carbinol group appears to be discounted by the activity of 4-w-dialkylaminoalkyl- 
amino-6-methoxyquinolines (II) (Magidson and Rubtsov, J. Gen. Chem. Russia, 1937, 7, 1896) in 
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avian malaria. King and his colleagues (Proc. Roy. Soc., 1938, B, 125, 60; J., 1940, 1307) have 
shown that some latitude is possible with the quinuclidine half of the quinine molecule by demon- 


CH(OH): es NH-[CH,),"NEt, 
mary") \hZ Meo? | \ 
L Aw (I.) \ o, (II.) 
es fay em CH,’NH-(CH,),"NEt, 
MeOZ YS Me \ 
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strating antimalarial activity in certain carbinolamines of type (III; R = alkyl), thus inviting 
comparison of types (II) and (III). Interposing a methylene group between the quinoline ring 
in (II) and the proximate nitrogen atom of the aliphatic diamine group, giving substances of 
type (IV), has been shown to have a dystherapeutic effect (Schénh6fer, “‘ Medicine in its Chemical 
Aspects,”’ 1938, 3, 66; Work, J., 1942, 426). Assuming, in line with current thought regarding 
the mode of action of drugs, that the antimalarial activity of quinine is due to its interference 
with the function of an essential structure in the parasite, it is likely that the two basic groups 
play a large part in the reaction and, if it is due to multipoint fit on a protein, the distance 
separating the basic centres should be significant. The three bases, 8-6-methoxyquinoly](4)- 
ethylamine (V), -propionamidine (VI), and -ethylguanidine (VII) were therefore synthesized 
since, in common with quinine, each possesses a strongly basic group separated by a chain of 
two carbon atoms from the 4-position of 6-methoxyquinoline. 


CH,°CH,-NH, CH, CH, C(NH) ‘NH, CH,-CH,-NH-C(:NH)-NH, 
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Condensation of 6-methoxylepidine with chloral was most advantageously carried out by 
heating them together at 120° in the presence of a little xylene as a flux. The use of pyridine as 
solvent at water-bath temperature (Alberts and Bachman, J. Amer. Chem. Soc., 1935, 57, 1284; 
Clemo and Hoggarth, J., 1939, 1242) was much less satisfactory, the methoxy] group in the 
6-position appearing to reduce significantly the reactivity of the methyl group in the other 
nucleus. Hydrolysis of the resulting aaa-trichloro-B-hydroxy-y-6-methoxyquinolyl(4)propane 
(VIII) afforded §-6-methoxyquinolyl(4)acrylic acid (IX), which was also obtained in less satis- 
factory over-all yield from 6-methoxyquinoline-4-aldehyde and malonic acid. Notwithstanding 
the use of freshly prepared selenium dioxide (Kaplan, J. Amer. Chem. Soc., 1941, 68, 2654) for 
the preparation of 6-methoxyquinoline-4-aldehyde, af-bis-6-methoxyquinolyl(4)ethylene (X), 
together with quininic acid, was formed in considerable amount during the oxidation of 6-methoxy- 
lepidine, indicating the formation of this type of compound not to be attributable solely 
to ageing of the selenium dioxide used in the oxidation. Hydrogenation of the unsaturated 
acid (IX) afforded 8-6-methoxyquinolyl(4)propionic acid (XI), which was converted through the 
methyl ester into the hydrazide, from which the amine (V), characterised as the dihydrochloride, 
was obtained in good yield by Naegeli’s modification (Helv. Chim. Acta, 1929, 12, 227) of the 
Curtius degradation. The acid (XI) was also converted through the amide into the nitrile from 
which the amidine (VI), characterised as the nitrate and as the benzoate, was prepared by the 
orthodox Pinner method. When 6-methoxyquinolylethylamine (VY) was liberated from the 
dihydrochloride in concentrated aqueous solution with the calculated volume of standard alkali 
and refluxed with S-methylisothiourea sulphate in the usual way, an indifferent yield of the 
required guanidine (VII) was obtained and the product was difficult to purify. An excellent 
method, however, was found to be the interaction of the amine (V) dihydrochloride with 
S-methylisothiourea sulphate in concentrated aqueous ammonia at room temperature, the crude 
guanidine (VII) sulphate readily separating. This seemingly unorthodox technique has 
previously been used for the conversion of amino-acids into guanidino-acids (D.R.-P. 535,070; 
Schiitte, Z. physiol. Chem., 1943, 279, 52) and is presumably applicable generally to primary and 
secondary amines which are stronger bases than ammonia, so that the ammonia, present in 
large excess, competes at a disadvantage with a more powerful nucleophilic reagent for the 
S-methylisothiourea. The guanidine (VII) was characterised as the nitrate. 

Tests for therapeutic activity in P. relictum infections in canaries were kindly carried out by 
Dr. Ann Bishop at the Molteno Institute, Cambridge, on (V) (dihydrochloride) and (V1) (nitrate). 
Miss I. M. Tonkin kindly tested (V) (dihydrochloride), (VI) (nitrate and benzoate), and (VII) 
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(nitrate) for therapeutic activity in P. gallinaceum infections in chicks. No antimalarial action 
was observed. 


EXPERIMENTAL. 


6-Methoxylepidine.—The following reduction of 2-chloro-6-methoxylepidine is an improvement on 
previously described procedures. The chloro-compound (100 g.) (Ainley and King, Proc. Roy. Soc., 
1938, B, 125, 60) in alcohol (750 c.c.) containing aqueous sodium hydroxide [23 g. (20% excess) in 75 c.c.] 
was vigorously stirred (mercury seal) in an atmosphere of hydrogen in the presence of palladised 
strontium carbonate (9 g.), the vessel being kept in a bath at 50—55° throughout. The anticipated 
volume of hydrogen was absorbed in a few hours, and the alcohol was removed by distillation from the 
filtered solution. The crude product was taken up in excess of 2N-sulphuric acid, filtered from any 
unreduced material, and the reduction product was liberated by careful addition, with stirring, of 40% 
aqueous sodium hydroxide. The precipitated oil quickly crystallised, affording 6-methoxylepidine mono- 
hydrate (88-2 g.; 96%), m. p. 52°. . 

aaa-T vichloro-B-hydroxy-y-6-methoxyquinolyl(4)propane (VIII).—6-Methoxylepidine monohydrate 
(108-7 g.) was dehydrated by exhaustive azeotropic distillation with benzene and then mixed with 
anhydrous chloral (125 g.; 14 mols.) and xylene (15 c.c.) which served as a flux. The mixture 
was heated at 118—120° for 15 hours, becoming solid-during the process. The product crystallised 
from alcohol in colourless rectangular plates (165 g.; 91%), m. p. 196—197° (Found: C, 48-5; H, 4:1; 
Cl, 33-4. C,,;H,,0,NCI, requires C, 48-7; H, 3-7; Cl, 33-2%). 

The final mother-liquors were treated in the manner described below with potassium hydroxide to 
convert any remaining chloral-methoxylepidine into the acrylic acid, but only a small amount (7-5 g.) 
of unchanged 6-methoxylepidine was recovered. 

B-6-Methoxyquinolyl(4)acrylic Acid (IX).—(A) The above chloral—-methoxylepidine (146-5 g.) was 
added in portions to a solution of potassium hydroxide (146 g.) in absolute alcohol (600 c.c.) which 
was heated and stirred on the water-bath. A vigorous reaction took place after each addition, and 
finally the mixture was left for one hour on the water-bath. The precipitated potassium chloride was 
removed and washed with spirit. The alcoholic solution and washings, diluted with an equal volume 
of water, were concentrated under reduced pressure on the water-bath to remove alcohol. The 
aqueous solution, treated with norite, afforded, on acidification with glacial acetic acid, a yellow 
precipitate of the acrylic acid monohydrate (89 g.; 79%). The acid separated from 90% acetic 
acid in pale yellow fine needles which showed an intense yellow fluorescence in ultra-violet light, m. p. 
277—278° (Found: C, 62-9; H, 5-2; loss at 110° in a vacuum, 7-8. Found, for anhydrous material : 
C, 67:5; H, 48. C,;H,,0,N,H,O requires C, 63:2; H, 5:2; H,O, 7-3. C,;H,,0,N requires 
C, 68-1; H, 4:8%). 

(B) 6-Methoxyquinoline-4-aldehyde (29-3 g.) (Kwartler and Lindwall, J. Amer. Chem. Soc., 1937, 
59, 524) and malonic acid (37-5 g.) were condensed in pyridine (72 c.c.) containing piperidine (2 c.c.) on 
the water-bath for 3 hours and finally under reflux for } hour. The product was isolated in the usual 
way and purified by reprecipitation from solution in excess of aqueous sodium hydroxide and 
recrystallisation from 90% acetic acid (yield, 25-3 g.; 65%), m. p. 277°. 

aB-Bis-6-methoxyquinolyl(4)ethylene (X).—The selenium-containing residues from the oxidation 
of 6-methoxylepidine in dioxan (Kaplan’s conditions, Joc. cit.) were extracted with hot pyridine. The 
hot solution was treated with norite and cooled, whereupon a solid separated. The solid was extracted 
with chloroform, and quininic acid remained undissolved, m. p. after recrystallisation from nitrobenzene, 
279—280° (Found: C, 65-0; H, 4-2. Calc. for C,,H,O,N: C, 65-0; H, 4.4%). The reddish-orange 
chloroform extract was filtered through alumina, affording a clear orange solution with a strong 
greenish-blue fluorescence. Evaporation to dryness and recrystallisation of the residue from ethyl 
acetate afforded fine yellow prisms of the ethylene, m. p. 195—196° [Found: C, 76-6; H, 5-4; N, 8-4; 
M (Rast), 368. C,,.H,,0,N, requires C, 77-2; H, 5:3; N, 82%; M, 342]. 

B-6-Methoxyquinolyl(4)propionic Acid (XI).—The above acrylic acid (IX) (25-3 g.) was dissolved in 
a slight excess of 2N-aqueous sodium hydroxide and shaken in an atmosphere of hydrogen in the presence 
of palladised strontium carbonate (7 g.). The theoretical volume of hydrogen was readily absorbed (in 
3 hours) and no further absorption took place on continued shaking (for 1 hour). The product (24-3 g.) 
was isolated in the usual way. The acid separated from 30% aqueous acetic acid in fine colourless 
prisms, m. p. 225—226° (Found: C, 67-2; H, 5-6. C,;H,,0,;N requires C, 67-5; H, 5-6%). The solid 
= its solution in aqueous acetic acid both showed an intense bluish-white fluorescence in ultra-violet 
ight. 

The methyl ester (24-9 g.) was obtained by refluxing the acid (25 g.) with methanol (150 c.c.) and 
concentrated sulphuric acid (9 c.c.) for 8 hours. It was isolated in the normal way, and separated from 
ligroin containing a little benzene in colourless rectangular prisms, m. p. 90° (Found: C, 68-3; H, 5-9. 
C,,H,;0,N requires C, 68-6; H, 6-1%). 

The amide, obtained by treating the methyl ester (24-9 g.) in methyl alcohol (50 c.c.) with excess of 
concentrated aqueous ammonia (300 c.c.) at 37° for 5 days, separated from water in colourless needles 
Tey, ” p. 187—188° (Found: C, 67-5; H, 6-0; N, 12:2. C,,;H,,0O,N, requires C, 67-8; H, 6-1; 

> 13 “= /o)}> 

The hydrazide, obtained by refluxing the methyl ester (29-2 g.) with a slight excess of 50% hydrazine 
hydrate in methyl alcohol (70 c.c.) for 5 hours, separated from spirit in minute colourless — (28 5} 


m. p. 161—162° (Found : C, 63-2; H, 6-0; N, 16-8. C,,;H,,O,N; requires C, 63-7; H, 6-1; N, 17-1%). 


B-6-Methoxyquinolyl(4)propionitrile-—The above amide (5-5 g.) was refluxed with phosphorus oxy- 
chloride (6 c.c.) in dry chloroform (20 c.c.) for 25 minutes, the solid rapidly dissolving. Solvent and 
excess of phosphorus oxychloride were removed in a vacuum on the water-bath and the residue was 
distributed between ether and ice-cold aqueous alkali. The ethereal solution was dried over sodium 
sulphate and evaporated, the desiccant being washed with acetone to recover some of the product which 
crystallised out, and the thick colourless syrup (4-9 g.) promptly crystallised on removal of the solvent. 
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The nitrile separated from benzene-ligroin (ca. 1: 1) in clusters of transparent, colourless, rectangular 
prisms, m. p. 96—97° (Found: N, 13-3. C,,;H,,ON, requires N, 13-2%). 

B-6-Methoxyquinolyl(4)propionamidine (VI) Nitrate-——A solution of the above nitrile (6-66 g.) in a 
mixture of abediete alcohol (15 c.c.) and dioxan (15 c.c.) was saturated with hydrogen chloride at 0° and 
kept in the ice-chest for several days. The solvent and excess of hydrogen chloride were removed at 
room temperature in a vacuum and the residue was warmed at 37° with 10% alcoholic ammonia (90 c.c.) 
for a week. The small amount of ammonium chloride was rejected and the filtered solution, on 
evaporation to dryness, afforded a crude hydrochloride (7-7 g.) which could not be satisfactorily 
crystallised. The main bulk of the product was dissolved in a small volume of water and treated with a 
similar solution of an equal weight of ammonium nitrate, and the mixture was evaporated to dryness. 
The nitrate crystallised from about 1} times its own weight of water in clusters of fine colourless needles, 
m. p. 190—191° (decomp.) (Found: C, 53-3; H, 5-5; N, 18-6. C,,;H,,ON;,HNO, requires C, 53-4; 
H, 5-5; N, 19-2%). 

B-6-Methoxyquinolyl(4)propionamidine Benzoate.—The crude amidine hydrochloride, prepared from 
the nitrile (7-2 g.) as described above, was dissolved in a small volume of water and treated with a slight 
excess of sodium benzoate in concentrated aqueous solution. The precipitated benzoate (11-3 g.) separated 
from about 8 times its own weight of water in colourless prisms, m. p. 192° (Found: C, 68-0; H, 6-0; 


N, 11-9. C,;H,,ON;,C,H,O, requires C, 68-4; H, 6-0;. N, 11:9%). The benzoate was much more 
soluble in spirit than in water. 

B-6-Methoxyquinolyl(4)ethylamine (V) Dihydrochloride——The above hydrazide (31-9 g:) was dis- 
solved in 40% aqueous acetic acid (325 c.c.) and cooled below 0° while an aqueous solution (100 c.c.) 
of sodium nitrite (36 g.) was added dropwise with thorough stirring. The azide quickly separated and the 
solid was collected after 14 hours. The filtrate was neutralised to pH 8-5 with solid sodium carbonate 
and the azide was re-suspended in the slightly alkaline liquor and again collected, washed with water, 
and dried overnight in a vacuum over phosphoric oxide. Thecrude dry azide was then cautiously warmed 
in dry benzene (100 c.c.) until reaction set in. After the spontaneous reaction subsided the mixture was 
refluxed for 20 minutes and cooled. The brown solution was treated with concentrated hydrochloric 
acid (50 c.c.) and the benzene was removed on the water-bath after the reaction had ceased. Water 
was added to keep the hydrochloride in solution, and the dihydrochloride, obtained after decolourisation 
with charcoal and evaporation to dryness, separated from 90% alcohol in fine colourless needles (29-7 g. ; 
83%), m. p. 253° (Found: C, 52-7; H, 6-0; N, 10-4. C,,H,,ON,,2HCI requires C, 52-4; H, 5-8; 
N, 10-2%). 

B-6-Methoxyquinolyl(4)ethylguanidine (VII) Nitrate-——The preceding dihydrochloride (3 g.) and 
S-methylisothiourea sulphate (3 g.; 2 equivs.) were dissolved in concentrated aqueous ammonia (35 c.c.) 
at room temperature and set aside for 42 hours, crystallisation of solid commencing within 2 hours. The 
crude methoxyquinolylethylguanidine sulphate was collected, washed with a little water, and dried in a 
vacuum (yield, 2-8 g.); recrystallisation at this stage afforded a somewhat gelatinous product. The 
reaction mother-liquors were evaporated to dryness and worked up for nitrate (0-11 g.). The crude 
suiphate (1 g.) was dissolved in hot water (ca. 10 c.c.) and treated with a warm aqueous solution (2 
c.c.) of ammonium nitrate (2 g.), whereupon the nitrate crystallised out. Recrystallisation from a 
small volume of water afforded colourless clusters of extremely fine felted needles, m. p. 239° (decomp.), 
giving a positive Sakaguchi reaction (Found: C, 50-6; H, 5-7; N, 22-5. C,,;H,,ON,,HNO, requires 
C, 50-8; H, 5-6; N, 22-8%). The over-all yield of the nitrate was 70%. 

When the foregoing reaction was carried out in hot we meee solution, using (in the order of mixing) 
1 mol. of amine dihydrochloride, 2 mols. of sodium hydroxide, and 1 equiv. of S-methylisothiourea 
sulphate, the yield and quality of the product were markedly inferior. 


The author is greatly indebted to Dr. Ann Bishop and to Miss I. M. Tonkin, B.Sc., for kindly carrying 
out the antimalarial tests, and to Mr. L. V. Sharp for assistance in the preparation of starting materials. 
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338. Hydrated Oxalates of Some Rare-earth Elements. 
By A. W. WYLIE. 


The preparation of the “interstitial hydrates’’ of some cerium-group oxalates and of 
yttrium oxalate is described. A 6-hydrate and a 2-hydrate of lanthanum oxalate and a 2-hydrate 
of yttrium oxalate have been Vea parr Some properties of these compounds, including 
optical properties, have been studied, and the structure of the hydrates discussed. 


ALTHOUGH numerous hydrates of the rare-earth oxalates have been reported in the literature 
(Beilstein, ‘‘ Handbuch der Organischen Chemie ’”’, 4th edtn.), confusion persists as to the 
identity of many of them. Further information about these compounds seems desirable in view 
of their importance in the chemistry of the rare-earth elements. 

‘It was shown by Léwenstein (Z. anorg. Chem., 1909, 63, 69, 113) that oxalates of lanthanum, 
cerium, and yttrium containing between 9 and 12 mols. of water per mol. of oxalate varied 
continuously in composition at a given temperature with the pressure of aqueous vapour. This 
behaviour is characteristic of a group of hydrates containing what is sometimes termed “‘ zeolitic ”’ 
water. Although conveniently classing together those hydrates which give a bivariant system 
5Q 
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on dehydration, the designation “‘ zeolitic hydrate ’’ is misleading, in that salts such as the 
rare-earth oxalates of the above-mentioned composition contain none of the interstitial cations 
present in the natural and synthetic zeolites. Barrer and Ibbitson (Trans. Faraday Soc., 1944, 
40, 195) and Barrer (Ann. Reports, 1944, 41, 31) consider that the state of water and other 
solutes in the zeolites is best described as an “‘ interstitial solid solution ’’, and since water in the 
rare-earth oxalates and similar compounds may also be regarded as being in interstitial solid 
solution, it is proposed to distinguish such compounds as “ interstitial hydrates ”’. 

The work of Léwenstein and others indicates that substances previously classed at 9-, 10-, 
and 1l-hydrates are to be regarded as interstitial hydrates, to which no definite composition 
can be attributed, but it is not clear from the literature whether a number of other substances 
containing considerably more or less water than indicated above are to be included in this 
category or regarded as separate entities. That the latter alternative is correct is shown 
subsequently, for the range of composition of interstitial hydrates precipitated from solution and 
isolated by the usual methods has been found to vary from 9°6 to 10-9 mols. of water per mol. of 
oxalate. 

Well-formed crystals of the interstitial hydrates may readily be obtained by slow 
precipitation in nitrate solutions at 70°. Chemical and crystallographic evidence shows that 
these hydrates are identical with an isomorphous series of 11-hydrates described by Wyrouboft 
(Bull. Soc. frang. Min., 1901, 24, 105, 111; 1902, 25, 66). Identification is most readily made by 
optical methods owing to variable development of crystal faces and a tendency to adopt different 
habits according to the mode of preparation. 

Conditions for the precipitation of the interstitial hydrates differ from one oxalate to another. 
For instance, in 3% nitric acid the cerium compound is obtained at temperatures between 0° 
and 100°. The lanthanum and the yttrium compound, however, are formed only below 80°, 
6-hydrates being obtained at higher temperatures. Although lanthanum forms the interstitial 
hydrate at 0°, yttrium forms a 17- or higher hydrate below 15°. ‘‘ Didymium ’’ oxalate and the 
mixed rare-earth oxalates in which cerium predominates resemble the pure cerium compound in 
behaviour. 

The isolation of a 6-hydrate of lanthanum oxalate raises the question of analogous cerium- 
group oxalates, though no such compounds could be prepared. Since the 6-hydrates of both 
lanthanum and yttrium oxalate appear to form 2-hydrates on heating, formation of the latter 
type of hydrate may be general in the case of the 6-hydrates of the yttrium-group oxalates 
prepared by Marsh (/., 1944, 40). No 17-hydrate other than Y,(C,O,);,17H,O (Brauner, /., 
1898, 78, 951; Marsh, Joc. cit.) has been reported for oxalates of the rare earths, but in view of 
the behaviour of the so-called 17-hydrate either alone or when mixed with other hydrates, it is 
possible that a similar or higher hydrate was present in the material described by Wirth 
(Z. anorg. Chem., 1912, 76, 174) as a 14-hydrate of erbium oxalate. The degree of hydration 
of such compounds is unusually high for oxalates. 

Properties of the Interstitial Hydrates.—Preservation of crystal form and transparency after 
dehydration is characteristic of this class of hydrate. Density measurements on the cerous 
compound reveal that dehydration is accompanied by a volume contraction exceeding 27%. 
The observation that certain inter-edge angles change markedly upon dehydration while other 
inter-edge angles remain almost unchanged suggests that contraction parallel to the (010) plane 
exceeds that in other directions. This contention is supported by cleavage of many dehydrated 
crystals parallel to the (010) plane. 

Rapid yet incomplete expulsion of water from these crystals on heating, and resorption of 
water vapour at lower temperatures by the partly hydrated substances, indicates that 
transference of water to and from the crystal lattice is readily reversible in the early stages of 
dehydration. Very slow escape of residual water and similar slow resorption of water vapour 
by a sufficiently dehydrated product may be attributed to contraction of the interstitial channels. 
The sorption—desorption mechanism under either of these conditions possibly follows the process 
of activated diffusion visualised for the natural zeolites by Emmett and De Witt (J. Amer. Chem. 
Soc., 1943, 65, 1253) and by Barrer (Trans. Faraday Soc., 1944, 40, 206, 555). This contrasts 
with the simpler and more speedy diffusion process operative when the diameter of the channel 
exceeds the effective diameter of the solute molecules. 

The action of water on the partly dehydrated oxalates varies with the extent of dehydration. 
If this is sufficient to cause extensive changes in the lattice viz., greater than about 90% in the 
cerium-group oxalates and greater than about 70% in yttrium oxalate, less energy is required to 
move ions from the lattice to the solution than is involved in transferring a water molecule from 
solution to an appropriate position in the crystal; solution effects therefore predominate 
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over sorption effects. An immediate consequence of the entry of ions into solution is the 
deposition of the fully hydrated interstitial hydrate, which is the appropriate solid phase at 
the temperature of the system. If the extent of dehydration and lattice rearrangement is less, 
lattice forces are sufficiently strong to prevent escape of ions and sorption of water by the lattice 
predominates. 

Conversion of rare-earth oxalates into ‘‘ hydroxides ” is usually accomplished by boiling with 
sodium hydroxide. It has been found that reaction with the interstitial hydrate proceeds 
rapidly in cold 15% sodium hydroxide. With suitable crystals migration of the phase boundary 
between newly-formed ‘‘ hydroxide ’”’ and residual crystalline hydrate can readily be followed 
under the microscope. Initially the process is assumed to involve transfer of hydroxyl and 
oxalate ions across the ingoing surface : 


6OH™- + [Ce,(C,0,)3.2H,O}eoia —-> [Ce,(OH) .2H,O]eona + 3C,0,~ 


Since the product appears to be non-crystalline when examined in visible light, possessing only a 
‘‘ relic ’’ structure, it is further assumed that subsequent rearrangement of cerous and hydroxyl 
ions and of interstitial water molecules occurs, leading to formation of a hydrous oxide or 
hydroxide of cerium in a gelatinous or microcrystalline condition. 

By ignition of the interstitial hydrates in air at 900°, particles of oxides are formed which 
still retain the sharp outlines of the original hydrate crystals (cf. Urie and Wylie, J. Soc. Chem. 
Ind., in the press). The channels in the dehydrated oxalate crystal must therefore be sufficiently 
wide to allow decomposition products of the oxalate radical to escape without disintegration of 
the structure. Furthermore, the mobility of the anions and cations of the residual oxide must 
be small at 900°, though sufficient at 1200° to bring about collapse of the relic structure and 
relatively speedy formation of a thermally stable form of oxide. 

Limiting Composition and Structure of Interstitial Hydrates.—The highest values found in this 
investigation for the molar ratio of water in the lanthanum and cerium hydrates approach 11, 
a value found by James and Robinson (J. Amer. Chem. Soc., 1913, 35, 754) for pure neodymium 
oxalate at 25° in water and solutions of neodymium nitrate. For yttrium oxalate this molar 
ratio approaches 10 in samples known to be homogeneous. No study of the composition of 
this solid in contact with water or aqueous solutions has been reported. If the interstitial 
hydrates were strictly isomorphous, the number of interstitial positions available to water 
molecules should be the same in each hydrate and the maximum molar ratio should be 11 for 
oxalates of both the cerium and the yttrium group. Yttrium oxalate, however, differs in a 
number of respects from the cerium-group oxalates and strict isomorphism cannot be assumed. 
These differences must ultimately be traced to differences in the ionic radii and polarisabilities of 
the cations. 

Since James and Robinson found that the “ 11-hydrate ”’ of neodymium oxalate behaved as 
a definite compound it must be assumed, in order to reconcile this result with the properties of 
the solid interstitial hydrates, that the substance M,(C,0,),,11H,O (where M is a rare-earth 
element) forms a continuous series of solid solutions with its dehydration products. This 
interpretation requires that the p-c isotherms of the system oxalate-water vapour should 
extrapolate to the same composition for the interstitial hydrates of lanthanum, cerium, and 
neodymium. As the curves obtained by Léwenstein (loc. cit.) show little indication of behaving 
in this fashion at 25°, it is assumed that the systems investigated were not in equilibrium. It 
seems doubtful if the curve given for erbium oxalate was obtained with homogeneous material. 

No X-ray determination of the crystal structures of rare-earth oxalates has been made. It 
is assumed that water molecules are held in the lattice of the interstitial hydrates in interstices 
between the cations and the larger oxalate ions, the latter of which have a predominating effect 
in determining the crystal structure. Forces restraining water molecules in the lattice 
presumably consist of electrostatic forces (ion-dipole and ion-induced dipole forces) and 
dispersion forces. In the fully saturated hydrates M,(C,O,);,11H,O in which all available 
interstitial positions are occupied by water molecules an ordered arrangement of solute molecules 
may be assumed, whereas in the partly hydrated substances the distribution of water molecules 
is assumed to be statistical. 

A survey of the optical properties of various forms of oxalic acid and its salts reveals that the 
great majority of these substances resemble the rare-earth oxalates in forming strongly 
birefringent monoclinic crystals. This behaviour may largely be attributed to the high 
refracting power and anisotropy of the oxalate ion (Evans, ‘‘ Crystal Chemistry ’’, Cambridge 
Univ. Press, 1939, 24, 270; Wooster, Z. Krist., 1931, 80,495; Robertson, J., 1936, 1817). The 
optical data appear to exclude the possibility of a layer lattice in the interstitial hydrates. The 
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almost isotropic character of the crystals formed by expulsion of water from the lanthanum and 
cerium hydrates may be explained by assuming rotation of planar oxalate ions about a centre 
until, when 90% or more of the water is expelled, the anions of the lattice consist of oxalate 
groups inclined in all directions in space. A similar arrangement is not reached ‘in yttrium 
oxalate owing to decomposition of the oxalate before sufficient water can be expelled to allow the 
necessary degree of rotation of the anions. 


EXPERIMENTAL. 


Purity of Materials —Commercial brands of lanthanum, cerium, and yttrium nitrates “‘ free from 
other rare earths’’ were employed as the hexahydrates. Lanthanum nitrate. The only impurities 
detected were phosphate (0-01%) and traces of calcium; the average atomic weight, calculated from the 
ratio La,O, : 3C,0,, was 138-6. Cerous nitrate. Traces of phosphate were present; the average atomic 
weight, calculated from the ratio 2CeCO, : 3C,0,, was 140-3. ‘“‘ Didymium”’ nitrate. A salt containing 
a preponderating amount of neodymium nitrate was used. Yétrium nitrate. A 10-cm. thickness of a 
2m-solution showed faint absorption lines due to erbium and holmium; the average atomic weight was 
89-4 and this value was used in calculating the composition of various hydrates of yttrium oxalate. 
Mixed cerium-group nitrates. These, containing thorium, were prepared from the mixed hydroxides by 
dissolving them in nitric acid and reducing ceric nitrate by addition of hydrogen peroxide. 

Solutions for precipitation were placed in a thermostat, and 10% oxalic acid added in excess unless 
stated otherwise. The rate of precipitation was varied by controlling the rate of addition of oxalic acid. 
Products formed at 50° or above were digested in solution for 1 hour before being filtered; below 50° the 
digestion time was 4 hours. Each hydrate was washed four times with water at the temperature of 
precipitation, and after treatment with alcohol and ether was dried to constant weight in air and 
transferred to sealed jars. 

All samples were examined under the microscope for homogeneity before analysis. 

The oxalate radical was determined by dissolving the compound in warm 10% sulphuric acid and 
titrating at 80° with 0-1N-potassium permanganate. Oxides were determined by igniting the oxalates 
to 1000°. Cerium, determined volumetrically by oxidation with ammonium persulphate followed by 
titration with ferrous ammonium sulphate (tri-o-phenanthrolinoferrous complex indicator), agreed 
satisfactorily with results obtained by the ignition method. The oxalate was first brought into solution 
by 0) with ammonium persulphate, sulphuric acid, and silver nitrate (Axt, J. Soc. Chem. Ind., 1941, 

Lanthanum Oxalate.—The solutions contained (a) lanthanum nitrate 10 g., 66% nitric acid 3 ml., 
water 100 ml., and (5) lanthanum nitrate 5 g., 66% nitric acid 3 ml., water 11. 


Precipitation Molar ratio 
Solu- time, of water in 
tion. Temp. mins. product. Remarks. 
a 98—75° 120 6-00 * Small granular crystals and aggregates 
3 75—8-6 Mixture 
b 50 . 60 10-5 Interstitial hydrate,f well-formed crystals 
5 10-5 ‘6 os poorly-formed crystals 
20 60 10-4, 10-4 ‘6 be globular aggregates 
0 60 10-4, 10-6 - 


* Found : La,O,, 50-1, 50-0; C,0,, 40-6, 40-6. La,(C,O,),,6H,O requires La,O,, 50-1; C,O,, 40-6%. 
t Also formed by adding just insufficient oxalic acid to cause precipitation at 75°, and cooling to 20°. 


At 180° the hexahydrate appears to form a stable dihydrate [Loss of wt., 11-1—11-3. Required for 
loss of 4H,O, 11:1%. Found: C,0,,45-7, La,(C,0,);,2H,O requires C,O,, 45°7%]. 

The interstitial hydrate at 180° rapidly lost up to 85% of its water content. A further 10% was 
lost very slowly, even in a vacuum, the molar ratio of water in the residue falling to approximately 0-53 
after 142 hours without constancy in composition being reached. At 280° the oxalate slowly decomposed. 
When dehydration was somewhat less than 85% complete, the residues resorbed water when placed in an 
atmosphere of water vapour at 20°, at first rapidly and then more slowly, resorption being eventually 
complete. When dehydration was more than 85% complete, reaction with water vapour was very slow, 
less than 7% of the total water content being resorbed after 100 hours. 

When heated with 5-7N-sulphuric acid for 2 days at 25°, the interstitial hydrate formed rectangular, 
lath-shaped crystals belonging to the orthorhombic or tetragonal system. Although sulphate could not 
be completely removed by washing with water without decomposing the crystals, the composition 
approximated to the 7-hydrate described by Brauner and Pavlicek (J., 1902, 81, 1264) and by Wirth 
(Z. anorg. Chem., 1908, 58, 226). 


Cerous Oxalate.—Solutions (a) and (b) were similar in composition to those used for preparation of 
lanthanum oxalate. 


Molar ratio 
Solu- Precipitation of water in 
tion. Temp. time, hrs. product. Remarks. 
a 101° 3°5 8-5—9-2 Mixture of interstitial hydrate and lesser amount 
of small granular crystals 
b ‘98 : 10-3 Interstitial hydrate, well-formed crystals 
10-6 ” ” ” ” 
a 80 1 10-3—10-6 ” ” : ” ” 
20 1 10-8, 10-9 * io? globular aggregates 
0 2 , 10-9 ; ” ” : ” ” 
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Attempts to prepare a pure 6-hydrate by boiling the interstitial hydrate for 17 hours in water or 1% 
nitric acid were unsuccessful. 

The rates of dehydration of the interstitial hydrate at 180° and of resorption of water vapour at 20° 
were very similar to the rates observed for the analogous lanthanum hydrate. Prolonged heating in air 
caused slow formation of a yellow ceric compound, although approximately 92% of the water content 
could be removed in a vacuum at 180° without decomposition of the oxalate. Rapid oxidation in air 
occurred at 280°. 

The contraction of the interstitial hydrate during dehydration was followed by determining the 
density of well-formed crystals in bromobenzene at 25° + 0-01°. This substance is known to be occluded 
to a negligible extent by dehydrated zeolites (Barrer, Ann. Reports, 1944, 41, 44) : 


DRE COTE GE WORE ccciccccccscecscecess 10-5 8-36 5-00 2-81 1-18 
GED cccesccovsansnnenesbassenceetnnennntonnnte 2-36, 2°36 * 2-47 2-72 3-02 3°27 


* Determined in kerosene. 


The density of the final product was equivalent to a contraction in volume of 27:9%. 
Yttrium Oxalate.—The solution contained yttrium nitrate 3 g., 66% nitric acid 2 ml., water 100 ml. 
Duration of precipitation was 2 hours. 


Molar ratio of 


Temp. water in product. Remarks. 
98° 6-00 * Short, thick, well-formed crystals 
80 7-5—8-5 Mixture 
70 9-62, 9-92 Interstitial hydrate, well-formed crystals 
25 10-4, 12-9 Mixture of aggregate and poorly-formed crystals 
= ss ay Globular aggregates of very small crystals 
0 15-5, 16-7, 15-8 T a a a 


* Found: Y,O,, 41-1, 41-2; C,0,, 47-9, 48-0. Calc., for Y,(C,O,),,6H,O; Y,O,, 41:2; C,0,, 47-9%. 
+ Precipitate digested in mother-liquor for 72 hours. 


Precipitates formed at 25° or below appeared to consist either of mixtures of the interstitial hydrate 
and a higher hydrate such as the 17-hydrate described by Brauner (/oc. cit.) and by Marsh (loc. cit.) or 
else of a second interstitial hydrate containing ap- 
proximately 17 or more mols. of water per mol. of 
oxalate. Physicochemical data are required to reveal 
the true nature of the solid phase. 

Both the interstitial hydrate and the unidentified 
hydrate obtained below 25° gave the 6-hydrate when 
heated in water for 7 hours at 98°. 

A dihydrate was formed from the hexahydrate at 
180° [Found: C,0,, 55-0, 55-0. Y¥,(C,O,),,2H,O re- 
quires C,0O,, 55°1%. Loss of wt., 13-1. Required for 
4H,0, 13-1%]. 

At 180° the interstitial hydrate readily lost ap- 
proximately 57% ofits watercontent. A further 20% 
was lost more slowly, leaving a residue in which the 
molar ratio of water was 2-1—2-2. The unidentified 
hydrate gave a similar residue at 180°. No further 
loss of water took place at 220°, and at 280° the 
oxalate slowly decomposed. Resorption of water Optical orientation of interstitial hydrates. 
vapour at 20° was comparatively rapid when de- 
hydration of the interstitial hydrate was less than 57% complete; beyond this point water vapour 
was taken up much more slowly, less than 15% of the total water content being resorbed after 45 hours. 

“ Didymium "’ Oxalate-—Between 50° and 98° only the interstitial hydrate was precipitated from 
didymium nitrate solutions comparable in composition to solution (b) used for the preparation of 
lanthanum oxalate. 

Mixed Oxalates.—Solution (a) contained mixed nitrates 10 g., 66% nitric acid 38 ml., water 1 1. 
Solution (b) contained rare-earth oxides 5-1 g., thoria 0-6 g., sulphuric acid 18-0 g., phosphoric acid 3-2 g., 
water 100 ml., and was obtained by heating monazite with sulphuric acid, dissolving the sulphates in 
water and filtering the solution. The interstitial hydrate was the only hydrate obtained from either 
solution (a) (50—98°) or (b) (80—98°). Crystals precipitated in (a) differed in habit from those 
precipitated in (b), the former resembling crystals precipitated from lanthanum or cerous nitrate solution. 
The identity of these products was established by determining the optical properties of the crystals. 

Microscopical Examination of Interstitial Hydrate and Reaction Products.—Crystals 40—400 p in length, 
surfaces often curved. Inclusions numerous if rapidly precipitated. Flattened perpendicular to 6 axis 
if — by cooling saturated acid solutions. 

or lanthanum, cerium, and yttrium hydrates with molar ratios of water 10-3, 10-4, and 9-92, 
respectively, optical properties were: crystals monoclinic, optically—, X = b, ZA c = 26° + 2°, 2V 
large. Elongation, — in nitrate solution, + in sulphuric—phosphoric acid solution. Refractive 
indices: a 1-47(5), B 1-55, y 1-61 [except for the yttrium hydrate: a 1-48(5), 8 1-55, y 1-61]. No changes 
in a, B, or y were detected for variations of +- 2% in the above values of the molar ratio of water. 
Cleavage was distinct parallel to (010). The (001) face often showed striz parallel to the 010 edge. 
‘* Didymium ” and the mixed rare-earth compounds were almost optically identical with the lanthanum 
and cortame compounds. 


59 
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None of these observations conflicts with a meagre description of a series of 11-hydrates of cerium- 
group oxalates given by Wyrouboff (/oc. cit.) with the exception of the angle Z (A c, which was said to be 
18°. The figure gives the optical orientation of the interstitial hydrates, c \ a being the axial angle 
given in Wyrouboff’s paper for the lanthanum compound. 

hye | se crystals preserving the outline of the parent substance were obtained when 90% of the 
water of hydration was removed (180°) from lanthanum or cerous oxalate. Although no changé was 
detected in profile views of the (010) face (see fig.), yet — views of the (001) face disclosed marked 
changes in inter-edge angles. Cleavage of a number of c along the 010 plane was noted. The 
dehydrated crystals were weakly birefringent and the average refractive index was 1-68—1-69. When 
treated with water at 20°, these crystals were gradually changed into a mass of small (2—10 yz) acicular 
crystals, the optical properties of which, as far as could be determined, resembled those of the fully 
hydrated interstitial hydrate. The recrystallisation process was slightly exothermic. The optical 
properties of the partly (40—70%) dehydrated oxalates were of an intermediate character, smaller or 
thinner crystals being apparently dehydrated to a greater extent than others in the same sample. The 
former reacted with water only if the extent of dehydration approached 90%. 

Transparent crystals resembling the parent substance were obtained at 180° only from thin crystals 
of yttrium oxalate, thicker specimens disintegrating on heating. After loss of 75% of the total water 
content, a brittle residue was obtained with approximate refractive indices: a 1-50, B 1-67, y 1-67—1-68. 
Treatment with water changed this residue into small rectangular laths of the interstitial hydrate. 

After ignition for 1 hour at 900°, the interstitial hydrates formed coherent particles of oxides closely 
resembling the parent crystals, providing these were thin. The particles were highly refractive and the 
majority showed aggregate polarisation. Prolonged ignition completely destroyed the outline of the 
original crystals and resulted in formation of opaque, sintered products. 

By boiling with 15% aqueous sodium hydroxide the interstitial hydrates were converted into 
‘‘ hydroxides ’’ consisting of discrete particles similar in shape to the parent substance. The particles 
were isotropic or faintly birefringent. By observing the process on a microscope slide the rate of attack 
was seen to be rapid even at 20°. The sodium oxalate produced separated from solution in radiating 
clusters of acicular crystals. 

Microscopical Examination of Hexahydrate of Yttrium.Oxalate-——Crystals monoclinic, 20—60 py in 
length, often pinacoidal parallel to c axis and flattened parallel to (100). Cleavage distinct parallel to 
(010). Optically—, X = b, Z Ac = 40°, 2V small, a 1-47, B 1°61, y 1°62. A granular mass of small 
birefringent fragments was formed on heating to 180°. The crystals swelled and disintegrated when 
treated with 15% sodium hydroxide. 

Crystals of the hexahydrate of lanthanum oxalate were too small for satisfactory optical examination. 


The author wishes to acknowledge the assistance of Dr. A. R. Alderman and Mr. A. J. Gaskin with 
the optical determinations. 
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339. Homovanillin. 
By A. A. L. Cuatuis and G. R. CLEMo. 


Homovanillin (I; R =H, R’ = CHO) was prepared in 65% yield by ozonolysis of 
O-carbethoxyeugenol, followed by catalytic decomposition of the ozonide, and removal of the 
hydroxyl-protecting group by mild hydrolysis. Eugenol methyl ether and acetyl- and 
carbobenzyloxy-eugenol similarly gave the analogously substituted homovanillins. 

Homovanillin and its derivatives were used in the Fischer indole synthesis, and the Strecker 
amino-acid synthesis; and condensation with cyclohexanone followed by cyclisation and 
dehydrogenation provided a new route to substituted phenanthrenes. 


HOMOVANILLIN was obtained in poor yield by Harries and Haarmann (Ber., 1915, 48, 29, 868) 
by ozonolysis of eugenol and decomposition of the ozonide by zinc and acetic acid. We have 
found that at 0° and in ordinary freezing mixtures a solution of O-carbethoxyeugenol (I; 
R = CO,Et, R’ = -CH:CH,) in ethyl acetate with excess of ozone gives chiefly O-carbethoxy- 
homovanillic acid, but at — 70° 5% ozone is almost completely utilised if the special vessel 
illustrated in the figure is employed, and if the ozonide is immediately decomposed by shaking 
with hydrogen and palladised charcoal (cf. Henne and Perilstein, J. Amer. Chem. Soc., 1943, 65, 
2183), good yields of O-carbethoxyhomovanillin were produced which could be converted into 
homovanillin by hydrolysis in dry 2% alcoholic hydrochloric acid. The final product—a 
viscous pale yellow oil—did not solidify, but gave a p-nitrophenylhydrazone, a 2 : 4-dinitro- 
phenylhydrazone, and a semicarbazone, all in 85—90% yield. In the presence of even small 
amounts of aqueous alkali or acid, the homovanillin polymerised, but otherwise was quite stable. 
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O-Acetylhomovanillin was prepared in an analogous manner. Oxidation in very dilute 
potassium permanganate solution containing excess of magnesium sulphate gave O-acetylhomo- 
vanillic acid; more vigorous conditions gave O-acetylvanillic acid. Nitration of O-acetylhomo- 
vanillin in acetic anhydride with the theoretical quantity of nitric acid for either the mono- or 
the dinitro-compound gave nitrogenous red oils which would not solidify and could not be 
distilled. 

It was found that the ozonide of O-carbobenzyloxyeugenol (I; R = CO,CH,°Ph, R’ = 
CH:CH,) (Bergmann and Zervas, Ber., 1932, 65, 1194; Olcott, J. Amer. Chem. Soc., 1939, 59, 
392) gave only O-carbobenzyloxyhomovanillin (I; R = CO,CH,°Ph, R’ = CHO) on catalytic 
reduction. The use of large amounts of catalyst did not result in hydrogenolysis to homovanillin. 

Homovanillin phenylhydrazone was used in a Fischer indole synthesis giving 3-4’-hydroxy- 
3’-methoxyphenylindole (II; R= H). This gave only a slight colour in the Ehrlich rosindole 
reaction (indoles substituted in position 3 usually give this reaction, and the failure in this case 
may be due to steric hindrance of the substituent, since neither 2- nor 3-phenylindole gives a 
colour), but the pine-shaving test was strong, ferric chloride gave a deep red colour, and 
concentrated sulphuric acid a series of colour changes. 

The hydroxyl group of the indole was readily acetylated and benzoylated. These derivatives 
gave only slight colours in the rosindole test. With the pine-shaving a good violet colour was 
obtained, but no colour was given with ferric chloride. 

O-Acetylhomovanillin was used in a Strecker synthesis of 8-4-hydroxy-3-methoxyphenyl- 
alanine [I[; R = H, R’ = CH(NH,)°CO,H]. A slight modification of the general method of 
Cocker and Lapworth (J., 1931, 1391) was used, but the yield obtained (ca. 30%) does not compare 
with the 65% by the synthesis of Johnson and Bengis (J. Amer. Chem. Soc., 1913, 35, 1613), 
who hydrolysed vanillylhydantoin, obtained by the reduction of vanillylidenehydantoin, with 
barium hydroxide. 

O-Acetylhomovanillin was condensed with cyclohexanone in technical pyridine to give 
the homovanillylidene derivative (III), which crystallised only with difficulty, possibly owing 
to the presence of geometrical isomers; the dihydro-compound (IV) crystallised fairly readily. 
This was obtained by reduction of (III) either with sodium amalgam in alcohol-acetic acid, or 
by catalytic hydrogenation, using Adams’s catalyst; it was saturated but still gave an oxime. 
On prolonged refluxing of a moist ethereal solution of (III) with aluminium amalgam, a compound 
was obtained which was unsaturated and non-ketonic and was consequently formulated as (V). 
This compound also was difficult to obtain crystalline and when catalytically hydrogenated gave 

a non-ketonic saturated dihydro-compound identical with that obtained by action of aluminium 
amalgam on (IV). The latter gives a benzoyl derivative; and is therefore 2-O-acetylhomovanillyl- 
cyclohexanol (V1). 


H\ OH y, H\ OH 
RC R: CH, R-CH RCH, 


(III.) (IV.) (V.) (VI.) 
R= ‘ome in (I11)—(V1). 
H,— 
OR ~ 
a “S MeO/( ) 
vee oO 
(VIL.) VW (VIIL.) ‘CH, 


Attempts to cyclise it by using sodium ethoxide, syrupy phosphoric acid, or phosphoric 
oxide in benzene all failed. This may be due to the fact that while free rotation about the 
carbon bonds of the atoms joining the two cyclic systems allows favourable orientation of the 
hydrogen and hydroxyl groups on the two rings, all three bonds would have to be in definite 
positions to enable this orientation to take place. The substance (III), however, was found to 
cyclise in small yield in either a boiling benzene suspension of phosphoric oxide or on standing 
at room temperature in a chloroform solution of phosphorus oxychloride. With these drastic 
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reagents, enolisation and isomerisation of (III) to (VIII) would be expected; this would then 
cyclise para to the methoxy-group and aromatisation would occur to give 3-acetoxy-2-methoxy- 
9: 10-dihydrophenanthrene. This structure was confirmed by a fairly smooth selenium 
dehydrogenation of the cyclisation product to phenanthrene. Further, less drastic 
dehydrogenation by heating to 210—220° with palladium-black (Majima and Murahs, Proc. 
Imp. Acad. Japan, 1934, 10, 342) gave 3-acetoxy-2-methoxyphenanthrene (VII, R = Ac; 
Gilman and Cook, J. Amer. Chem. Soc., 1940, 62, 2816), which was hydrolysed to 
3-hydroxy-2-methoxyphenanthrene (VII, R = H; Gilman and Cook, loc. cit.); methylation 
gave 2: 3-dimethoxyphenanthrene (VII, R = Me; Pschorr and Buckow, Ber., 1900, 33, 1831). 


"EXPERIMENTAL. 


~ of p.s and b. p.s are uncorrected. Sodium sulphate was used as the drying agent unless otherwise 
stated. 


O-Carbethoxyeugenol.—Sodium hydroxide solution (35 g., 40%) was added dropwise with cooling and 
shaking to a mixture of eugenol (54 g.) and ethyl chloroformate (40 g.). The whole was extracted with 
ether, the extract washed with water and dried, the ether removed, and the residue distilled in a vacuum 
(50 g., b. p. 135—138°/1-5mm.). The distillate solidified to stout rhombs, m. p. 31°. 

O-Carbethoxyhomovanillin.—O-Carbethoxyeugenol (10 g.) was dissolved in ethyl acetate (100 c.c.), 
the solution placed in the ozonolysis vessel (see fig.), and the whole cooled in acetone=Drikold. A 


stream of 5% ozone at 50 c.c./min. was passed in for 6 hrs. The cold solution of the ozonide was 
hydrogenated in the presence of palladised charcoal (2 g.), hydrogen being rapidly absorbed (530 c.c. at 
17° and 754 mm, in 40 mins.). The flask was evacuated, air admitted, the flask shaken for 10 mins., 
the air replaced by hydrogen, and the flask shaken for 5 hrs. The solution was filtered (the catalyst, 
after being washed with a little alcohol and dried, can be used 10—12 times), and the solvent removed 
under reduced pressure. The residue was dissolved in ether, the solution washed with saturated sodium 
hydrogen carbonate solution (washings A, see below), dried, the ether removed, and the residue 
fractionated in a vacuum: 0°5 g., b. p. 135—140°/2 mm.; 7-5 g., b. p. 150—155°/2 mm.; 1 g., b. p. 
ere pad x's mm. The redistilled middle fraction was O-carbethoxyhomovanillin (Found: C, 60-7; 
H, 6-1. C,,H,,O, requires C, 60-5; H, 59%); its 2: 4-dinitrophenylhydrazone formed short yellow 
needles, m. p. 129—130° (Found: C, 51:7; H, 4:7. C,,H,,0,N, requires C, 51-7; H, 4-3%), from 
alcohol, and its p-nitrophenylhydrazone crystallised from alcohol in orange-red rhombs, m. p. 85—86° 
(Found: C, 57-6; H, 5-0. C,gH,,0,N, requires C, 57-8; H, 5:1%). 

Homovanillin.—Carbethoxyhomovanillin (4-5 g.) was dissolved in absolute alcohol (75 c.c.), and dry 
hydrogen chloride (1-5 g.) passed in. The whole was heated for 1 hr. at 60°, the alcohol removed under 
reduced pressure, and the residue dissolved in ether; the ethereal solution was washed with saturated 
sodium hydrogen carbonate solution, dried, the ether removed, and the residue twice distilled in a 
vacuum (3-2 g.), b. p. 147—149°/2 mm. (Found: C, 65-5; H, 6-0. Calc. for C,H,,O,: C, 65-2; H, 
6-2%). Homovanillin is a pale oil, stable in air, and giving a blue coloration with ferric chloride. Its 
2 : 4-dinitrophenylhydrazone crystallised from alcohol in yellow cubes, m. p. 203°. Its p-nitropheny]l- 
hydrazone, recrystallised from ethyl acetate, had m. p. 154° (Harries and Haarmann, Joc. cit., give m. p. 
154—155°). The semicarbazone, recrystallised from alcohol, had m. p. 173° (Harries and Haarmann, 
loc. cit., give 173°), and the oxime, colourless needles from alcohol, had m. p. 115° (Harries and 
Haarmann, Joc. cit., give 115°). 

O-Carbethoxyhomovanillic Acid.—On acidifying the wash liquor (A) from carbethoxyhomovanillin a 
colourless crystalline solid was precipitated; it oy Sane page from water as glistening, colourless, 
elongated plates of the acid (0-1 g.), m. p. 125—126° (Found: C, 56-5; H, 5-3. C,,H,,O, requires C, 
56:7; H, 5-5%) 
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tc acid. O-Carbethoxyhomovanillic acid (1 g.) was heated for 2 hours on a water-bath 
with sodium hydroxide (10%, 6 c.c.), and the product, precipitated by acidification and cooling, was 
psa ne from water, forming glistening plates (0-7 g.), m. p. 139° (Harries and Haarmann, Joc. cit., 
ive 139°). 

. O-Acetylhomovanillin.—O-Acetyleugenol (13 g.) was ozonised for 11 hrs. and worked up in the same 
manner as the carbethoxy-compound (0-6 g., b. p. 130—135°/2 mm.; 9-2 g., b. p. 140—145°/2 mm.; 
2 g., b. p. 150—200°/2 mm.). The redistilled midale fraction (Found: C, 63-1; H, 5-6. c. for 
C,,H,,0,: C, 63-4; H, 58%) gave a 2: 4-dinitrophenylhydrazone, which crystallised from alcohol in 
yellow cubes, m. p. 144—145° (Found : C, 52-8; H, 4:3. C,,H,,0,N, requires C, 52-6; H, 4-1%). 
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O-Acetylhomovanillic Acid.—(1) Homovanillic acid (0-5 g.) was dissolved in a solution of sodium 
hydroxide (0-3 g.) and poured into acetyl chloride (1 c.c.). The product which separated on cooling 
crystallised from water in glistening plates (0-45 g., m. p. 135—136°) (Harries and Haarmann, /oc. cit., 
give 134°). Hydrolysis gave homovanillic acid, m. p. and mixed m. p. 139°. 

(2) The bicarbonate wash liquor from acetylhomovanillin gave, on acidification and recrystallisation 
from water, the same acid (0-2 g., m. p. and mixed m. p. 135—136°). 

(3) O-Acetyleugenol (2 g.) in ethyl acetate (100 c.c.) was ozonised for 12 hrs. at 0°. Removal of the 
solvent, dissolution of the residue in ether, extraction of the ethereal solution with saturated bicarbonate 
solution, and acidification of the extract gave acetylhomovanillic acid (1-2 g.), m. p. and mixed m. p. 
135—136°. 

(4) Acetylhomovanillin (2 g.) in acetone (15 c.c.) was shaken with a solution of potassium 
permanganate (1 g.) in water (1500 c.c.) containing magnesium sulphate (2 g.) for24hrs. The manganese 
dioxide was filtered off, and the filtrate evaporated to dryness. Hydrochloric acid (6n, 13 c.c.) was 
added, and acetylhomovanillic acid filtered off and recrystallised from water (0-8 g.), m. p. and mixed 
m. p. 135—136°; a small amount of homovanillic acid was also formed. 

Vanillic Acid.—Acetylhomovanillin (1 g.) in acetone (30 c.c.) was shaken with potassium 
permanganate (1 g.) dissolved in water (100 c.c.), the manganese dioxide filtered off, the filtrate 
evaporated to dryness, and the residue ground with concentrated hydrochloric acid (5 c.c.) and warmed 
on the water-bath for 15 mins. The vanillic acid was filtered off, and recrystallised from water as 
lustreless cubes (0-25 g., m. p. and mixed m. p. 207°). 

Nitration of O-Acetylhomovanillin.—Fuming nitric acid (d 1-52, 0-36 g.) was added dropwise to a 
mechanically stirred solution of acetylhomovanillin (2 g.) in acetic anhydride (25 c.c.) in a freezing 
mixture, and the whole was set aside overnight. Urea (1 g.) was added, the mixture diluted with water 
(100 c.c.) and extracted with ether, the extract washed with sodium hydrogen carbonate solution (5%), 
dried, and the ether removed. The residue was a deep red oil which solidified in ‘‘ Drikold ’’ but melted 
again at room temperature; it could not be distilled. Use of twice the quantity of nitric acid and 
warming the reaction mixture on the water-bath gave an apparently identical product. 

O-Carbobenzyloxyeugenol.—Carbobenzyloxy chloride (3-5 g.) (Bergmann and Zervas, /oc. cit.) wasadded 
to a suspension of eugenol (3 g.) in water (70 c.c.) containing sodium carbonate (1 g.). Thewholewas shaken 
for 48 hrs., the smell of the acid chloride then having almost gone (cf. Olcott, loc. cit.). The suspension 
was extracted with ether, the extract dried, the ether removed, and the residue distilled in a vacuum 
(5-8 g., b. p. 170—180°/1—2 mm.). On standing, the distillate solidified into stout needles, m. p. 53°. 

O-Carbobenzyloxyhomovanillin.—Carbobenzyloxyeugenol (13 g.) was ozonised for 6 hrs. and worked 
up in the same manner as the carbethoxy-compound except that 6 g. of palladised charcoal were used. 
The middle fraction (9 g., b. p. 160—170°/1 mm. Found: C, 67:7; H, 5-5. C,,H,,.O; requires C, 
68-0; H, 5-3%) gave no coloration with ferric chloride. 

O-Carbobenzyloxyhomovanillic Acid.—The bicarbonate wash liquor from the last experiment, on 
neutralisation, gave this acid, which crystallised from water in long lustrous needles (0-8 g., m. p. 
107—108°). On refluxing with hydrochloric acid (4N, 10 c.c.), this gave homovanillic acid, m. p. and 
mixed m. p. 139°. 

3-4’-Hydroxy-3’-methoxyphenylindole—Homovanillin (2-2 g.) and phenylhydrazine (1-5 g., freshly 
distilled) were refluxed in alcohol (25 c.c.) for 3 hrs., and the alcohol distilled off. Fresh alcohol (25 c.c.) 
was added and the solution saturated with dry hydrogen chloride and refluxed for l hr. The alcohol was 
distilled off, alcohol (25 c.c.) added, and the whole saturated with “7 hydrogen chloride at 0° and set 
aside overnight, then refluxed for 1 hr. and the alcohol distilled off. The residue was extracted with hot 
benzene, and the extract cooled, filtered, and the benzene removed. The residual oil (0-5 c.c.), dissolved 
in benzene (0-7 c.c.), was poured dropwise into well-stirred light petroleum (b. p. 40—60°). Thecreamy- 
white precipitate was filtered off and washed with a little light petroleum, then recrystallised from 
benzene-light petroleum (b. p. 80—100°) (0-5 g., m. p. 117°, softening at 100°) (Found: C, 75-1; H, 
5-4. C,,H,,0,N requires C, 75-3; H, 5-45%). The indole is soluble in alcohol, benzene, acetone, acetic 
anhydride, and sodium hydroxide solution, and slightly soluble in hot light petroleum. It gives no 
coloration in the Ehrlich test, but gives a red-violet pine-shaving reaction, and with concentrated 
sulphuric acid, a blood-red colour, changing to purple and brown. 3-Phenylindole also gives no Ehrlich 
test, but with concentrated sulphuric acid it gives a yellow colour, changing to red and brown. 

The O-acetyl derivative, had m. p. 96° (softening at 90°) (Found: C, 70-9; H, 5-1. C,,H,,0O,N 
requires C, 71-4; H, 5-6%), and the O-benzoy/ derivative m. p. 133° (softening at 130°) (Found: C, 76-2; 
H, 4:5. C,,H,,0O,N requires C, 76-9; H, 4-95%), both from benzene light petroleum (b. p. 80—100°). 

Both compounds were soluble in organic solvents, but almost insoluble in sodium hydroxide solution 
or water; neither gave an Ehrlich reaction, but both gave a violet colour in the pine-shaving test. 

p-4-Hydroxy-3-methoxyphenylalanine.—O-Acetylhomovanillin (20 g.) was dissolved in liquid 
hydrogen cyanide (40 c.c.), and after 10 mins. the solution was slowly added with stirring to a solution of 
ammonia (20 g.) in water (25 c.c.) cooled to — 70°. The result was sealed, and the mixture set aside 
overnight and then slowly added to a mechanically stirred solution of sulphuric acid (1200 c.c., 40%), 
heated to 125° for 3 hrs., and poured into water (21.). The solution was heated to boiling and barium 
hydroxide (700 g.) added. Superheated steam was passed through the boiling solution, while barium 
carbonate was added in small portions till no more ammonia was evolved (ca. 250 g. required). Dilute 
sulphuric acid was added until the solution showed the presence of sulphate ion, and the barium sulphate 
was filtered off and well washed, and the combined filtrate and washings concentrated to 100c.c. The 
hot solution was treated with lead carbonate until effervescence ceased (ca. 10—12 g.); it was not acid 
to Congo-red. The whole, after standing overnight, was filtered and the filtrate saturated with hydrogen 
sulphide, allowed to stand, and refiltered. After being boiled with charcoal (3 g.), the filtered solution 
was concentrated to 20c.c. andsetaside. The crystals (5 g.,and a further 1-4 g. obtained on concentration) 
melted at 228—229°. Recrystallisation from water afforded colourless needles (4 g.), m. p. 254—255 
(decomp.), after losing water of crystallisation (Johnson and Bengis, Joc. cit., report a dihydrate, m. p.° 
255—256°, decomp.). 
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The anhydrous hydrogen cyanide used was conveniently stored in an equal volume of glacial acetic 
acid. No heat was evolved on mixing, and the solution was kept in an ordinary well-stoppered bottle 
without deterioration.. The pure cyanide was obtained by distilling the solution from a bath at 30—40°. 

2-O-Acetylhomovanillylidenecyclohexanone (III).—Acetylhomovanillin (13 g.) and cyclohexanone 
(8 g.) in dry technical pyridine (80 c.c., b. p. 135°) were heated under reflux for 8 hrs., the solvent 
evaporated off, and the residue poured into water (180 c.c.). The mixture was acidified and extracted 
with warm benzene, the extract washed (dilute hydrochloric acid; dilute sodium hydroxide solution ; 
water), dried, and refluxed for 0-5 hr. with active charcoal (2 g.). The hot solution was filtered and 
concentrated to 40 c.c., the residue — dropwise into well-stirred cold light petroleum (b. p. 40—$0°), 
and the creamy-white precipitate of the compound (IIT) (18 g.) filtered off, washed with a little petroleum, 
and recrystallised from benzene-light petroleum or dilute alcohol (10 g.), m. p. 84° (Found: C, 70-5; 
H, 7:3. C,,H, 0, requires C, 71-0; H, 70%). The oxime formed needles, m. p. 106°, from alcohol. 

2-Homovanillylidenecyclohexanone.—(1) e above ketone (0°5 g.) was shaken with sodium hydroxide 
solution (6%, 25 c.c.) at 100° for 0-5 hr., then heated at this temperature for 1 hr. After cooling, the 
solution was extracted with ether, acidified, and extracted with benzene. The benzene extract was 
dried and boiled under reflux with active charcoal (0-2 g.) for 0:25 hr. The extract was filtered, 
concentrated to 4 c.c., and poured dropwise with stirring into cold light petroleum (b. p. 40—60°). The 
creamy-white oo was filtered off and washed with a little petroleum, then recrystallised from 
benzene-light petroleum or dilute alcohol (0-3 g., m. p. 105°). 

(2) O-Acetylhomovanillin (3-5 g.) and cyclohexanone (2 g.) were refluxed in absolute alcohol (50 c.c.) 
containing sodium (2-5 g.) for 4 hrs. Glacial acetic acid (6-5 c.c.) was added, and the alcohol removed. 
The residue was poured dropwise into well-stirred ice-water, and the precipitate collected, washed, 
dried, dissolved in benzene (50 c.c.), and worked up as above, giving 3 g., m. p. and mixed m. p. with the 
above 105°. 

2-O-A cetylhomovanillylcyclohexanone (IV).—(1) 2-Acetylhomovanillylidenecyclohexanone (3 g.) was 
dissolved in alcohol (25 c.c.), and the solution vigorously stirred while sodium amalgam (4%, 40 g.) was 
added in small portions. The solution was kept just acid by gradual addition of glacial acetic acid (4-5 
c.c.). The temperature towards the end of the reaction was kept between 50° and 60°. The whole was 
made slightly basic (sodium hydroxide) and evaporated to dryness. The residue was extracted with hot 
benzene, the extract washed with a little water, dried, refluxed with active charcoal (0-8 g.) for 0-3 hr., 
filtered, concentrated to 8 c.c., and poured dropwise into well-stirred cold light petroleum (b. p. 40—60°). 
The colourless precipitate was collected, washed with a little petroleum, and crystallised from 
benzene-light petroleum or dilute alcohol (2-5 g., m. p. 134°). 

(2) The same ketone (30-13 mg.) was quantitatively hydrogenated in glacial acetic acid (10 c.c.) with 
freshly reduced Adams’s catalyst (3 mg.), 2-30 c.c. of hydrogen at N.T.P. being absorbed in 20 mins. 
(0-985 double bond). The solution was filtered and concentrated to 1-5 c.c., water (20 c.c.) was added, 
and the precipitate recrystallised from benzene-light petroleum, giving 0-02 g., m. p. and mixed m. p. 
with the above 134°. The compound was saturated and gave an oxime, needles (from alcohol), m. p. 83°. 

2-O-Acetylhomovanillylidenecyclohexanol (V).—2-Acetylhomovanillylidenecyclohexanone (3 g.), 
dissolved in moist ether (150 c.c.), was heated under reflux for 12 hrs. with freshly prepared aluminium 
amalgam (4 g.), the mixture filtered, and the alumina and excess of amalgam washed with ether; the 
filtrate and washings were dried, the ether removed, and the residual oil dissolved in benzene (8 c.c.) and 
poured dropwise into well-stirred cold light petroleum. The precipitate was collected, washed with a 
little petroleum, and recrystallised from benzene-light petroleum. The compound (2-4 g., m. p. 151°) 
was unsaturated and did not form an oxime, but was soluble in sodium hydroxide. 

2-O-Acetylhomovanillylcyclohexanol (V1).—(1) The above hexanol (36-41 mg.) was quantitatively 
hydrogenated in glacial acetic acid solution (10 c.c.) with freshly reduced Adams’s catalyst (5 mg.) ; 
2-76 c.c. of hydrogen at N.T.P. were absorbed in 15 mins. (0-982 double bond). The solution was filtered 
and concentrated to 1-3 c.c., water (20 c.c.) was added, and the precipitate recrystallised from 
benzene-light petroleum (0-02 g., m. p. 171°). 

(2) 2-Acetylhomovanillylcyclohexanone (3 g.), treated with aluminium amalgam and worked up 
exactly as in the preparation of (V), gave 2-58 g., m. p. and mixed m. p. with preparation (1) 171°; the 
compound (VI) was saturated and non-ketonic (Found: C, 70-0; H, 8-0. C,,H,,O, requires C, 70-0; 
H, 8-2%). This gave a benzoate, m. p. 156° (Found: C, 72-4; H, 6-9. C,,H,,O, requires C, 72-7; H, 
71%), from benzene-light petroleum. 

J Attempted Cyclisations.—(1) 2-Homovanillylcyclohexanol. 2-Acetylhomovanillylcyclohexanol (0-3 g.), 
dissolved in absolute alcohol (10 c.c.) containing sodium (0-2 g.), was heated under reflux for 2 hrs. 
Glacial acetic acid (1 c.c.) was then added, and the whole eva’ ted to dryness. The residue was 
extracted with ether, and the extract washed (sodium nr ote. and dried. The ether was removed, 
and the oily residue dissolved in benzene (1-5 c.c.) and poured into cold, well-stirred light petroleum (b. p. 
40—60°). The precipitate, oo a from benzene-light petroleum (0-14 g.), had m. p. 161—163° 
oon" probably 2-homovanillylcyclohexanol (Found : C, 72-1; H, 8-5. C,,H,,O, requires C, 72-0; H, 

‘oO . 
(2) The cyclohexanol (0-5 g.) was stirred into syrupy phosphoric acid (3 c.c.) and set aside for 10 hrs. 
The whole was poured into water, basified (sodium hydroxide), and extracted with ether. This extract 
contained only a trace of material. The aqueous solution was acidified and extracted with ether, and 
the extract worked up like the ethereal extract in (1), giving 0-3 g., m. p. and mixed m. p. with the 
starting material 171°. . 

(3) The cyclohexanol (0-5 g.) was stirred into syrupy phosphoric acid (3 c.c.) and warmed on the 
— for lhr. Considerable tar was formed. Working up as in (2) afforded only 0-1 g. of starting 
material. 

_ (4) To the cyclohexanol (0-3 g.) refluxing in benzene (10 c.c.), Pepe 20 oxide (0-6 g.) was added 
in small portions during 1-5 hrs. Water (25 c.c.) was added to the cooled reaction mixture, and the 


whole worked up as above. Only impure starting material (0-1 g.) was obtained. 
3-Acetoxy-2-methoxy-9 : 10-dihydrophenanthrene. (1) 2-O-Acetylhomovanillylidenecyclohexanone (10 
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g.) and benzene (100 c.c.) were heated under reflux while phosphoric oxide (10 g.) was added in small 
portions during 3 hrs. The mixture was decomposed with water (200 c.c.), and the whole basified 
(sodium hydroxide) and extracted with ether (extract A). The aqueous solution was acidified and 
extracted again with ether (extract B). Extract A was washed with water, dried, and the ether removed 
The residue, recrystallised several times from dilute alcohol, gave needles (0-18 g.), m. p. 174° (Found : 
C, 75-9; H, 5-65. C,,H,,O, requires C, 76-1; H, 6-0%). Extract B similarly gave 0-049 g. of leaflets 
from dilute alcohol, m. p. 147° (compound H). 

(2) The cyclohexanone (5 g.) was dissolved in chloroform (40 c.c.), and phosphorus oxychloride (6 c.c.) 
added. The whole was t overnight, shaken with water, and then with sodium carbonate solution. 
The chloroform layer was filtered and dried, the chloroform removed, and the residue (ca. 1 g.) dissolved 
in a little alcohol. The crystals deposited on standing were recrystallised from dilute alcohol, affording 
needles (0-2 g.), m. p. and mixed m. p. with the above 174°. 

The above compound, m. p. 174° (0-05 g.), was heated at 290—300° with selenium (0-1 g.). The 
sublimate (ca. 0-03 g.), resublimed in a vacuum, had m. p. and mixed m. p. with phenanthrene, 99° ; 
picrate (from alcohol), m. p. 141°. 

3-Acetoxy-2-methoxyphenanthrene (VII; R = Ac).—(1) The above dihydro-compound (0-1 g.) was 
mixed with palladium-black (0-1 g.) and heated at 210—220° until no further change was visible. 
Alcohol (2 c.c.), was added, the whole warmed and filtered, the filtrate concentrated to 0-3 c.c., and hot 
water (lc.c.) added. The crystals which separated on cooling, recrystallised from dilute alcohol, formed 
needles (0-02 g.), m. p. 144°. 

(2) The dihydro-compound (0-3 g.) was heated under reflux for 5 hrs. with maleic acid (0-8 g.), 
palladium-black (0-25 g.), and water (6 c.c.), diluted with alcohol (12 c.c.), filtered hot, and the filtrate 
evaporated to dryness. The residue was warmed and stirred with sodium carbonate solution (12 c.c.) 
and extracted several times with ether, the extract dried, and the ether removed. The residue 
recrystallised from alcohol in stout, colourless needles (0-2 g.), m. p. 144° (Gilman and Cook, Joc. cit., give 
146—147°) (Found: C, 74-6; H,5-6. Calc. forC,,H,,0,: C, 74-9; H, 5-3%). 

3-Hydroxy-2-methoxyphenanthrene. (1) The above acetoxy-compound (0-16 g.) was heated for 
2 hrs. with sodium hydroxide solution (8%, 3 c.c.), and the solution acidified, allowed to cool, and filtered. 
The precipitate recrystallised from dilute alcohol in short needles (0-11 g.), m. p. 143° (Gilman and Cook, 
loc. cit., give 145—146°) (Found: C, 80-3; H, 5-6. Calc. for C,,H,,0,: C, 80-5; H, gets 

(2) Compound H (above) (0-03 g.) was refluxed for 4 hrs. with maleic acid (0-1 g.), p ladium-black 
(0-05 g.), and water (1-2 c.c.), and the product worked up as above; it gave 0-01 g. of needles, m. p. and 
mixed m. p. with the above, 143°. 

2 : 3-Dimethoxyphenanthrene. The above hydroxy-compound (0-1 g.) was dissolved in sodium 
hydroxide solution (3 c.c., 2%), and the solution heated on the water-bath. Methyl sulphate (0-1 c.c.) 
was added with stirring, and after 0-25 hr., sodium hydroxide solution (3 c.c., 4%) was added, and the 
whole heated for a further 0-25 hr. The reaction mixture when cold was extracted with ether, and the 
extract dried. The ether was removed, and the residue recrystallised from dilute alcohol in leaflets 
(0-08 g.), m. P- 130—131° (Pschorr and Buckow, loc. cit., and Pschorr, Annalen, 1912, 391, 39, give m. p. 
131°) (Found: C, 80-5; H, 5-7. Calc. for C,,H,,O,: C, 80-7; H, 5-9%). The picrate separated in 
yellow needles, m. p. 125—126° (Pschorr, loc. cit., gives 127°). 


UNIVERSITY OF DURHAM, KING’s COLLEGE, 
NEWCASTLE-ON-TYNE. [Received, January 20th, 1947.] 





NOTES. 


Derivatives of Indene and of Butyric Acid. By J. S. H. Davies and D. S, Morris, 


Tue work of various authors (Chem. Reviews, 1945, 37, 481) has shown that certain derivatives of 
6-hydroxy-2-p-hydroxyphenylindene and of 6-hydroxy-2-p-hydroxyphenyl-3 : 4-dihydronaphthalene 
possess cestrogenic activity. Our programme to extend the work of these authors, although well 
advanced, was er by the publication of Silverman and Bogert (J. Org. Chem., 1946, 11, 34). 
The present note deals with two similar indenes, not previously described, and also with unsuccessful 
prnen we to prepare ay-diphenylbutyric acid and ay-di-p-methoxyphenylbutyric acid from ethyl ay-di- 
hen te and its di-p-methoxy-derivative ively, as intermediates in an alternative 
route to 2-phenyltetralone and Randheae Squnetaenmienamaedon. 
ee 6-methoxy-2-p-methoxyphenylindanone required was 
prepared by the route independently used by Silverman and Bogert (Joc. cit.). The indanone (1 g.) 
was hydrogenated at ordinary temperature and. pressure in ethyl alcohol in presence of Raney nickel 
(2 g.). The residue obtained after filtration and removal of solvent was stirred with concentrated 
sulphuric acid (1 drop), warmed for a few minutes on the water-bath, and extracted with benzene. 
as Neg M1 63%) needles, m. p. 194° from alcohol (Found : C, 80-2; H, 6-2. C,,H,,O, requires 
6-Methoxy-2 : 3-di- thoxyphenylindene.—The above indanone (1-5 g.) in toluene (14 c.c.) was 
added to the Griqnand Seagal repared from p-anisyl bromide (2-1 g.), magnesium (0-27 g.), and ether 
(28 c.c.). After the ether had removed, the toluene solution boiled for 1 hour, and the complex 
decomposed, the residue from the toluene was dissolved in a mixture of light petroleum (b. p. 40—60°) 
and benzene ( : 1 by vol.) and chromatographed (alumina). Pure 6-methoxy-2 : 3-di- xy phenyl- 
indene (0-7 g.) was obtained as small needles, m. p. 129—130° (Found: C, 80-0; H, 6-4. C,,H,,0, 
requires C, 80-4; H, 6-1%). 
f-Hydroxy-ay-diphenyloutyric Acid—Ethyl ay-diphenylacetoacetate (28-2 g.), prepared by the 
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method of Conant and Blatt (J. Amer. Chem. Soc., 1929, 51, 1227), was hydrogenated in ethyl alcohol 
at atmospheric pressure and a maximum temperature of 50—60° in presence of Raney nickel; only 
one molecular proportion of hydrogen was absorbed. Removal of the catalyst and solvent, followed 
by hydrolysis of the residue by refluxing it for 4 hours with potassium hydroxide (6-5 g.) in 50% aqueous 
alcohol, furnished a mixture of a neutral substance (3-8 g.), believed to be phenylethyl alcohol, and 
B-hydroxy-ay-diphenylbutyric acid (13-5 g.) which formed needles, m. p. 210°, from aqueous methyl 
alcohol (Found: C, 75-1; H, 6-6; equiv., 254. C,,H,,O, requires C, 75-0; H, 63%; equiv., 256). 

The application of Rosenmund’s procedure (Ber., 1942, 75, 1850) to ethyl eee 
(1 g.) using palladised barium sulphate (1 g.) in acetic acid (100 c.c.) containing perchloric acid (1 drop) 
in order to effect further reduction was unsuccessful, the products isolated after hydrolysis being 
B-hydroxy-ay-diphenylbutyric acid (0-3 g.), phenylacetic acid (0-7 g.), and a neutral substance, prob- 
ably phenylethyl alcohol. The hydrogenation of sodium f-hydroxy-ay-diphenylbutyrate in water 
with copper chromite at 200° and 160 atmospheres gave likewise an acidic product consisting almost 
entirely of phenylacetic acid. 

Ethyl ester. The B-hydroxy-acid (10-5 g.) was refluxed for 4 hours in ethyl alcohol saturated with 
dry hydrogen chloride. The estey was obtained as an oil (9-5 g.), b. p. 158—160°/1 mm., which slowly 
solidified and melted at 61—62° (Found: C, 76-3; H, 7-3. C,gH,., O; requires C, 76-1; H, 7-0%). 

All attempts to dehydrate the acid or ester, which included the phosphoric oxide method of Kon 
and Nargund (j., 1932, 2461) and the xanthate method (Kon and Narracott, J., 1938, 672), were 
unsuccessful. 

Ethyl ay-Di-p-methoxyphenylacetoacetate.—Following the method of Conant and Blatt (loc. cit.), 
ethyl p-methoxyphenylacetate (114 g.) in ether (100 c.c.) was slowly added to a stirred, cold solution 
of isopropylmagnesium bromide, prepared from isopropyl bromide (123 g.), magnesium (24-3 g.), and 
ether (200 c.c.). The mixture was stirred at room temperature for 1 hour, refluxed for 4 hours, and 
left overnight. Propane was evolved during the reaction. After processing, the oil was distilled and 
the fraction, b. p. 140—150°/0-0001 mm. (56 g.), was collected. This fraction solidified on standing 
and was crystallised from alcohol to yield the ester as pale yellow needles, m. p. 61—62° (Found: 
C, 70-4; H, 6-4. C,,H,.O,; requires C, 70-2; H, 6-4%). 

B-Hydroxy-ay-di-p-methoxyphenylbutyric Acid.—The above ester (4-5 g.) in ethyl alcohol (200 c.c.) 
was hydrogenated at meager yA temperature and pressure in the presence of Raney nickel (2 g.); only 
one molecular proportion of hydrogen was absorbed. Removal of the catalyst and solvent gave the 
crude ester as an oil (4:5 g.). The oil (1 g.) was shaken for 6 hours at room temperature with aqueous 
sodium hydroxide (20 c.c., 2N) and ethyl alcohol (10 c.c.). The acid (0-4 g.) was obtained as small 
needles, m. p. 135—136° raised to 138° after crystallisation from benzene-light petroleum (b. p. 40— 
60°) (Found: C, 68-3; H, 6-6. C,,H,.O, requires C, 68-4; H, 6-3%).—BRITISH SCHERING RESEARCH 
INSTITUTE, BROOK LANE, ALDERLEY EDGE, CHESHIRE. [Received, January 21st, 1947.] 





Compounds Related to 2:3-Dimethylpyridine. By AHMED MustarFa and MustaFa Kamat HItmy. 


(I) Action of Aromatic Aldehydes on 2 : 3-Dimethylpyridine—(a) In presence of acetic anhydride. The 
following stilbazoles were prepared by refluxing the appropriate benzaldehyde (1 mol.) with 2 : 3-dimethyl- 
pyridine (1 mol.) and acetic anhydride (6 mols.) for 30 hours, followed by steam distillation (cf. Shaw 
and Wagstaff, J., 1933, 77). 3-Methyl-2-stilbazole, obtained as colourless crystals from light petro- 
leum (b. p. 30—50°), m. p. 55° (Found: C, 85-8; H, 6-5; N, 7-1. C,,H,,;N requires C, 86-2; H, 6-6; 
N, 7:2%), was easily soluble in benezene, alcohoi, and hot light petroleum (b. p. 50—70°); picrate, 
yellow needles, m. p. 198° from alcohol. Its 2’-nitro-derivative, pale yellow needles from light petroleum 
(b. p. 50—80°), m. p. 105° (Found: C, 69-9; H, 5-0; N, 11-7. C,,H,,0,N, requires C, 70-0; H, 5-0; 
N, 11-7%), was easily soluble in ether and hot ethyl alcohol; picrate, yellow crystals, m. p. 190—191° 
from alcohol. Its 3’-nitro-derivative, yellow crystals from ethyl alcohol, m. p. 124° (Found: C, 69-7; 
H, 5-0; N, 11-7%), was difficultly soluble in cold benzene or cold ethyl alcohol; picrate, yellow crystals, 
m. p. 208—209° from alcohol; and the 4’-nitro-derivative, yellow crystals from alcohol, m. p. 145° 
(Found : C, 69-7; H, 4-9; N, 11-8%), was soluble in hot ethyl alcohol and hot benzene; picrate, yellow 
crystals, m. p. 198—199°, from alcohol. 

(b) In presence of water. The following alkines were prepared by heating the aromatic aldehyde 
and 2 : 3-dimethylpyridine (1 mol. each) with water (4 mols.) in a sealed tube for 10 hours at 170°. The 
mixtures were not homogeneous at room temperature. The products were treated as in the preparation 
of the —————e stilbazoles (Shaw and Wagstaff, Joc. cit.). They crystallised as pale yellow crystals 
from ethyl alcohol. 2’-Nitro-3-methyl-2-stilbazolealkine, m. p. 105° (Found: C, 65-1; H, 5-1; N, 10-5. 
C,,4H,,0O,N, requires C, 65-1; H, 5-4; N, 10-9%); 3’-nitro-analogue, m. p. 131° (Found: C, 65-0; 
H, 5-3; N, 11-1%); 4mnitro-isomer, m. p. 125—126° (Found: C, 65-1; H, 5-4; N, 10-6%). 

The above three alkines (1 mol. each), boiled with acetic anhydride (4 mols.) for 2 hours, afforded 
the corresponding stilbazoles (mixed m. p.) in almost pure condition. 

(II) Action of Aromatic Aldehydes on 2 : 3-Dimethylpyridine Methiodide.—Solutions of equimolecular 
amounts of the reagents in a minimum of absolute ethyl alcohol, treated with a few drops of piperidine 
and then set aside at room temperature for some time, deposited crystals of the condensation product ; 
when this was heated at about 250° under reduced pressure, the corresponding stilbazole distilled over 
(cf. Koelsch, J. Amer. Chem. Soc., 1944, 66, 2166). 

2 : 3-Dimethylpyridine methiodide, colourless tals from absolute ethyl alcohol, m. p. 205° (Found : 
C, 39-0; H, 5-0; N, 5-6; I, 61-1. C,H,,NI requires C, 38-5; H, 4-8; N, 5-6; I, 51-0%), easily soluble 
in cold water and soluble in ether, afforded 4’-methoxy-2-methyl-2-stilbazole methiodide, yellow needles 
from water, m. p. 234° (decomp.; orange melt) (Found : C, 52-4; H, 4-9; N, 3-7; I, 34-2. C,,H,,ONI 
requires C, 52-3; H, 4-9; N, 3-8; I, 346%), readily soluble in hot water and practically insoluble in 
benzene and light petroleum (b. p. 30—50°). The corresponding stilbazole formed almost colourless 
crystals from light petroleum (b. p. 50—70°), m. p. 88° (Found: C, 79-7; H, 6-7; N, 6-2. C,,H,,ON 
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requires C, 80-0; H, 6-6; N, 62%); it was soluble in ethyl alcohol; picrate, yellow crystals, m. p. 
196—197° from ethyl alcohol. 

2’-Methoxy-3-methyl-2-stilbazole methiodide formed yellow crystals from water, m. p. 205° (decomp.) 
(Found: C, 52-3; H, 4-8; N, 3-7; I, 35-0%), and the stilbazole separated in colourless crystals from 
light petroleum (b. p. 30—50°), m. p. 60° (Found: C, 79-6; H, 6-5; N, 5-9%); picrate, yellow crystals 
from alcohol, m. p. 208—209°. 

3’-Nitro-3-methyl-2-stilbazole methiodide, pale yellow crystals from water, m. p. 245° (decomp.) 
(Found : C, 44-9; H, 4-4; N, 6-7; I, 32-1. C,,H,,O,N,I,H,O requires C, 45-0; H, 4-3; N, 7-0; I, 31-7%), 
difficultly soluble in cold ethyl alcohol and light petroleum (b. p. 30—50°), afforded the stilbazole as 
yellow crystals from light petroleum (b. p. 90—100°), m. p. 124° (Found : C, 69-5; H, 5-2; N, 11-6%), 
identical (mixed m. p.) with the specimen described in (I). ~ 

3-Methylpiperolidine-2-picoline methiodide, yellow crystals from hot water, m. p. 260° (Found: 
C, 50-4; H, 4-5; N, 3-7; I, 33-0. C,,H,,O,NI requires C, 50-4; H, 4:2; N, 3-7; I, 33-3%), almost 
insoluble in light petroleum (b. p. 50—70°), afforded the base as almost colourless crystals from light 
petroleum (b. p. 90—100°), m. p. 117° (Found: C, 75-0; H, 5-4; N, 6-1. C,;H,,0,N requires C, 75-3; 
H, 5-4; N, 5-9%), soluble in hot ethyl alcohol or benzene ; picrate, yellow crystals, m. p. 219° (decomp.), 
from ethyl alcohol. 

4’-Dimethylamino-3-methyl-2-stilbazole methiodide, reddish silky crystals from hot water, m. p. 255° 
(decomp.) (Found: N, 6-9; I, 33-0. C,,H,,N,I requires N, 7-4; I, 33-4%), almost insoluble in cold 
water and in light petroleum (b. p. 30—50°), afforded the stilbazole as golden-yellow needles from ethyl! 
alcohol, m. p. 93° (yellow-brown melt) (Found : C, 80-5; H, 7-5. C,,H,N, requires C, 80-7; H, 7-5%), 
soluble in benzene and hot light petroleum (b. p. 80—90°); picrate, brick red crystals, m. p. 202° (red 
melt) from ethyl alcohol. 

(III) Action of Alcoholic Potassium Hydroxide on Stilbazoles.—4’-Nitro-3-methy]-2-stilbazole (1 g.) and 
ethyl alcoholic potassium hydroxide (15%; 10 c.c.) were heated at 100° for 15 minutes; the crystals 
which separated were filtered off, washed with water, and crystallised from benzene, forming golden- 
yellow crystals, m. p. 220° (red melt) (Found: C, 78-2; H, 5-6; N, 13:3. C,,H,,ON, requires 
C, 77-8; H, 55; N, 130%). 4’-Azoxy-3-me*hyl-2-stilbazole was difficultly soluble in ethyl alcohol 
and gave a deep red colour with concentrated sulphuric acid. Similarly, the 3’-azoxvy-compound was 
obtained as brown crystals from benzene, m. p. 157° (Found: C, 78-2; H, 5°3; N, 12-9%), difficultly 
soluble in cold ethyl alcohol and giving a red colour with sulphuric acid ; and the 2’-azoxvy-isomer formed 
pale yellow crystals, from benzene, m. p. 174° (Found: C, 78-3; H, 5-6; N, 12-7%), difficultly soluble 
in ethyl alcohol and giving an orange-red colour with sulphuric acid.—Fouap I University, Facutty 
OF SCIENCE, ABBASSIA-CAIRO, Ecypt. [Received, January 27th, 1947.]} 





The Infra-red Spectrum of Vulcanised Rubber and the Chemical Reaction Between Rubber and Sulphur. 
By N. SHEPPARD and G. B. B. M. SUTHERLAND. 


In an earlier paper (Trans. Faraday Soc., 1945, 41, 261) we described an infra-red spectroscopic 
investigation of the vulcanisation of rubber, and drew attention to a band at 10-4 » (960 cm.') which 
appeared in the spectrum of both straight and accelerated vulcanisation. We have further investigated 
this phenomenon and find that the intensity of this band correlates well with the amount of sulphur 
chemically incorporated, but not with the degree of vulcanisation as reflected in the physical properties of 
the finished product. 

We were unable to explain this band in a convincing manner in terms of C-S linkages, but more 
recently have found a band in the same position (10-4 »), and another at 11-2 » (890 cm.~') in certain 
thermally degraded rubbers. Since in this case the two new bands are obviously due respectively to the 
development of new CHR:CHR’, and CRR”:CH, groups, it seemed probable that the 10-4 » band in 
vulcanised rubber might also be caused by new groupings of the former type. An investigation of the 
spectrum of an ebonite (in which the rubber-sulphur reaction has been carried to an extreme) gave 
confirmation of this idea. In this spectrum, absorptions in the region of 6 » showed that a considerable 
number of double bonds remained, but the characteristic absorption at 12-0 » arising from CRR”-CHR” 
groups in rubber had largely disappeared. On the other hand the band at 10-4 » (although now shifted to 
slightly longer wave-lengths) greatly increased in intensity. 

These facts find a convincing explanation in the hypothesis that the reaction between rubber and 
sulphur causes at some stage a shift in yd oy of the double bond of type —CMe:CH— in the rubber 
chain, giving rise to a group of the type CHR:CHR. Further confirmation of this comes from the studies 
of Farmer and Shipley (this vol. p. 1519) on the reaction between sulphur and the diolefins, geraniolene and 
dihydromyrcene. The available data on the structures of these reaction products have led these authors 
to conclude that a-methylenic initiation of the sulphuration reaction occurs to an important extent. 


1 

They envisage attack of the —CH,*CMe:CH-CH,— group which is common to rubber and the diolefins at 

positions (1) or (4) with the initial removal of a hydrogen atom from the a-methylenic carbon atoms. The 
radical formed by removal of a hydrogen atom from (1) could by resonance cause the double bond to move 
to the left. In this new position the double bond would still be of type CRR’-CHR” and would be 
expected to absorb at the usual 12-0 » position. However, removal of the hydrogen atom from (4) would 
give rise to a radical which could move the double bond to the right and thus give rise to CHR:CHR’ 
groups, and hence to a band at 10-4» in the final product. 


The work described above on the vulcanisation and +. of rubber will be published in more 
detail later. We should like to express our thanks to Dr. E. H. Farmer and Dr. R. F. Naylor for helpful 
discussions on the above points.—TuHe Lasoratory oF CoLLorp ScIENCE, CAMBRIDGE. ([Received, 
March 24th, 1947.) ; 
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The Ernst Julius Cohen Memorial Lecture. 
DELIVERED BEFORE THE CHEMICAL SOCIETY ON OCTOBER 2ND, 1947. 
By F. G. Donnan, C.B.E., D.Sc., LL.D., F.R.S. 


Amoncst the distinguished Dutch men of science of the generation that is now passing, or has 
already passed, away, a very high place must, by universal consent, be assigned to the subject 
of this Memoir. It would be no exaggeration to say that the name, and very often the per- 
sonality, of Ernst Cohen have been known to students of chemistry and physics throughout 
the world for nearly fifty years. His famous researches in the fields of polymorphism, electro- 
chemistry, thermochemistry, and piezochemistry, the excellent books he wrote, his many visits 
to other countries and the lectures he gave therein, and—last but not least—the important part 
he played in the national and international organisation and development of chemical science, 
made Ernst Cohen one of the most outstanding and well beloved men of science of his day and 
generation. 

He was the devoted pupil and disciple of the great van’t Hoff, and belonged to that famous 
Dutch school of physicochemical science associated with the names of van’t Hoff, Roozeboom, 
Cohen, and Schreinemakers. Aithough van’t Hoff is, perhaps, best known to students 
of chemistry for his pioneer work on optical activity and the “‘ tetrahedral carbon atom ”’, the 
laws of osmotic pressure, and the application of thermodynamics to the study of chemical 
equilibria and ‘‘ chemical dynamics ’’, he became interested in the conditions of formation and 
decomposition of double salts before he left Amsterdam, and during his Berlin period (from 
1895 onwards) devoted himself to the study of the formation of oceanic salt deposits. The 
famous work of Roozeboom on “‘ Heterogene Gleichgewichte’”’ is well known to physical 
chemists and metallurgists, whilst Schreinemakers, the mathematician and geometer, became 
the great investigator and exponent of ‘‘ geometrical ’’ thermodynamics as applied to the trans- 
formations and equilibria of heterogeneous multicomponent systems. Broadly speaking, we may 
say that Cohen took a line of his own, and devoted a large proportion of his researches to the 
investigation of the polymorphism of one-component systems: the conditions of equilibrium, 
the transitions, and the stable and metastable states of the various solid (crystalline) modific- 
ations of chemically pure substances, especially the elements. His work was characterised by the 
use of exact electrochemical and thermochemical methods, and by the study of equilibria and 
transformations at high pressures (up to 1500 atmospheres). Apart from these extensive 
‘* piezochemical ”’ researches, he made a long-continued and intensive study of electrochemical 
thermodynamics, especially in relation to the study of standard galvanic cells (so-called ‘‘ normal 
elements ”’). 

Ernst Cohen may well be regarded as the greatest of the disciples of van’t Hoff. His thesis 
for the doctorate in Amsterdam under van’t Hoff (1893) was probably the starting point, perhaps 
indeed the fundamental stimulus, of much of his subsequent research work. It was entitled 
“‘ The Electrical Method of determining Transition-points and the Electromotive Force of 
Chemical Reactions’’. If under a given external pressure a chemical reaction be conducted 
isothermally and reversibly it will yield the maximum external work possible under these 
conditions. This maximum work, according to van’t Hoff, measured the “ affinity’ of the 
reaction. Hence the importance of determining the reversible E.M.F. of a galvanic cell in 
which a chemical reaction occurs isothermally and reversibly, for in this case the maximum work 
per unit reaction can be calculated. So in his thesis for the doctorate Cohen entered the field 
of electrochemical thermodynamics, a subject which he developed throughout a long series of 
researches and which underlay his very important and detailed work on standard cells and other 
galvanic combinations. It may not be unnecessary to remark that, as probably every student 
knows now-a-days, the fundamental principles of electrochemical thermodynamics were estab- 
lished by Willard Gibbs in the period 1876—78. We may indeed say that the general physical 
theory underlying the researches of Cohen on the polymorphism and equilibria of solid phases 
of one-component systems and on galvanic cells, namely the principles of thermodynamics as 
applied to heterogeneous systems (i.e., multi-phase systems), were established by Willard Gibbs. 
It is well known that van der Waals directed the attention of Roozeboom to this earlier work 
of Gibbs, and it is also well known that this indebtedness of the famous Dutch school has been 
very generously acknowledged. Needless to say, in mentioning the work of Gibbs there is no 
intention to underrate in the slightest degree the originality and the great scientific value of 
the work of van’t Hoff, Cohen, Roozeboom, and Schreinemakers. 
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Ernst Julius Cohen was born in Amsterdam on March 7th, 1869. It is in the highest degree 
probable that he would, in normal circumstances, be alive to-day. But, alas, the circumstances 
were terribly and horribly abnormal. Owing to the fact that he was a man of Jewish descent, 
it is now a practical certainty that he was foully murdered on or about March 5th, 1944, in a 
gas chamber at the ‘‘ extermination ’’ camp of Auschwitz. Concerning this tragic event some- 
thing more will be said at the conclusion of this Memoir. 

Chemistry was in his blood, for his father, Jacques Cohen, born at Diisseldorf in 1833, studied 
under Liebig at Giessen and afterwards under Bunsen at Heidelberg, where in 1853 he obtained 
his doctorate in chemistry. Having held posts in technical chemistry at Brussels and Amster- 
dam, Dr. Jacques Cohen, together with several friends, formed in 1864 the ‘‘ Company for 
Chemical Industry ”’ (the Netherlands Coal Tar Distillery), of which he remained Director until 
his death in 1881. He married in 1863 Johanna Rosenthal, a native of Hanover. Both 
Jacques Cohen and his wife became Dutch by naturalisation. Ernst Julius was the third of 
their children. 

At the secondary school (Hoogere Burgerschool) in Amsterdam the young Ernst studied 
chemistry and took a great interest in photography, for which the summer holidays, often spent 
with his parents in Switzerland, gave him plenty of opportunity. His earliest publications dealt 
with subjects relating to the art and science of photography. After the school “ passing-out 
examination ’’ came the preparation for the State examination giving access to the University. 
During this period he was fortunate to obtain excellent private lessons in Latin and Greek from 
Dr. J. S. Speyer, teacher at the Amsterdam Gymnasium (higher secondary school) and later 
Professor at Leiden University. This classical and literary training was invaluable to him in 
later years. In June 1888 he passed the State examination and was then able to devote himself 
to the study of the exact sciences at the University. The lectures of van’t Hoff, van der Waals, 
and Korteweg particularly attracted him, and with Dr. Ch. M. van Deventer (one of van’t 
Hoff’s assistant) he made an investigation of heats of solution. Having passed the ‘‘ Candidate 
Examination ”’ in 1890 he went, on van’t Hoff’s advice, to Paris and worked for a short time in 
the laboratory of Moissan (then very famous for his isolation of fluorine in 1886). Armed with 
introductions from van’t Hoff, he also visited Berthelot, Pasteur, and Gabriel Lippmann, and 
saw something of their work and their laboratories. Professor Marey also showed him his 
photographs of animals in motion. Returning to Amsterdam, he soon afterwards spent some 
time at the State Agricultural Experimental Station at Breda, where he acquired valuable 
experience in analytical chemistry. Then came the preparation for the ‘“‘ Doctoral Examin- 
ation ’’ at the University and attendance at the senior lectures of van der Waals and van’t Hoff. 
This examination was successfully passed in November 1892. 

The young candidate for the Doctorate had now to choose the subject for his Doctor thesis. 
Apparently his reading of van’t Hoff’s ‘“‘ Etudes de Dynamique Chimique ”’ induced him to 
request of his prospective sponsor permission for an investigation of the electromotive force 
resulting from a chemical reaction. Van’t Hoff agreed—but with a warning about the diffi- 
culties. However, all went well in the end, and on November 8th, 1893, Cohen attained the 
doctorat ein chemistry with honours. The title of his thesis has already been given (see p. 1700). 

With his appointment as a demonstrator in van’t Hoff’s laboratory, there now began a very 
strenuous period of teaching and research, lasting nine years. Shortly after graduation he 
married Miss Louise Gompertz, who greatly contributed to the happiness of his home life and 
the efficiency of his University work. Van’t Hoff’s new laboratory at Amsterdam became a 
very active centre of research. In the old laboratory Arrhenius and Meyerhoffer Were already 
working, and to the new laboratory came many men whose names became well known in chemical 
science—W. D. Bancroft, H. C. Jones, R. Léwenherz, V. Rothmund, and J. Verschaffelt. 

Ernst Cohen soon became a Lecturer (Privat Dozent) and a very active and successful 
investigator. In collaboration with Bredig and van’t Hoff he continued the work on “ transition 
elements ’’, and published several papers on subjects related to his interest in photography, 
é.g., the action of hydrogen on silver bromide gelatine plates; the solubility of silver halides in 
various solutions; the supposed influence of gelatine on the double decomposition of salts. 

A great change came in the Amsterdam laboratory when, in 1895, van’t Hoff resigned, and 
was succeeded by Bakhuis Roozeboom. Cohen now took a much greater part in the lectures 
on physical chemistry, but this did not interfere with his output of research. Besides work on 
the decomposition of arsine and on the ionisation of substances in alcohol-water mixtures, his 
famous series of investigations on the allotropic modifications of tin began, at first in collabor- 
ation with van Eijk, whose attention had been drawn to this problem by Roozeboom. 

Cohen’s reputation as a physical chemist had now risen so high that in 1898 he was offered 
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the Chair of Physical Chemistry at McGill University in Montreal. He was, however, so happy 
in Amsterdam and his relations with Roozeboom were so friendly that he declined the honour. 
In 1901 he became “‘ extraordinary ’”’ Professor of Chemistry in the University of Amsterdam, 
with special reference to Physical Chemistry. 

His reputation as a physical and inorganic chemist was now established, with the result that 
in 1902 he was appointed to the Professorship of Inorganic and General Chemistry at the Univer- 
sity of Utrecht. At first he had to occupy the old and very inadequate laboratory which dated 
from the time of G. J. Mulder. But he had accepted the Chair at Utrecht on the condition that 
a new laboratory should be built. The new and excellent laboratory, built to his own designs 
and named the van’t Hoff Laboratory in honour of his great teacher and inspirer, was opened 
on May 18th, 1904, with van’t Hoff himself as the guest of honour. 

Now began the great period of his life as Professor at Utrecht and Director of the van’t Hoff 
Laboratory, a period which lasted until his retirement in 1939. During this period of thirty- 
five years he built up one of the world’s great centres of teaching and research in 
physical chemistry. However, it might have happened that Utrecht soon lost Cohen, for, after 
he had been only five years there, Roozeboom died (1907), and the Professorship at Amsterdam 
became vacant. It was offered at first to Schreinemakers, who declined. Then the invitation 
came to Cohen. But he was so happy in his new laboratory and amongst his new colleagues 
that he also declined the honour. 

A very large proportion of the researches in Utrecht due to Cohen and his collaborators and 
students dealt with the polymorphism of substances, both elements and compounds. The 
work on tin, begun in Amsterdam, was continued and much developed. This is perhaps the 
most famous of all his investigations. It had been known before his time that certain organ 
pipes made of tin in the old castle church at Reitz had largely crumbled into a grey powder 
during a cold winter (as reported by G. L. Erdmann in 1851), and Fritzsche in 1869 had described 
a case where blocks of Banca tin had similarly ‘‘ decayed ’”’ in the store of a custom house in 
Russia. These extraordinary phenomena were explained by Cohen, who showed that they 
were due to the transformation of ordinary ‘‘ white ’’ tin into another modification, ‘‘ grey ”’ 
tin. ‘By dilatometric and other methods he found the transition temperature to be 18° (cor- 
rected later to 13°2°). Below this equilibrium temperature, ordinary white tin is unstable with 
regard to the stable modification, i.e., the grey tin. But under ordinary conditions the change 
does not occur, the white tin being then ‘“‘ metastable’. The change may, however, be greatly 
accelerated by various means, e.g., lowering of temperature, presence of certain solvents, ‘‘ inocu- 
lation ” with grey tin, etc. Cohen drew attention to the fact that objects of tin kept in museums 
sometimes develop warty “‘ intumescences ”’, owing to the gradual and local onset of the change 
to grey tin. He called this the ‘‘ museum disease ’’, and such changes became celebrated as 
the ‘‘ tin disease ’’. 

The next case he investigated was the phenomenon known as “‘ explosive antimony’”’. If 
a concentrated solution of antimony chloride in water (plus some hydrochloric acid) be electro- 
lysed with an antimony anode and a platinum cathode, the metallic deposit on the cathode, if 
scratched or struck, shows a sudden large evolution of heat, accompanied by clouds of white 
fumes. Cohen showed that this phenomenon is due to the fact that the original metallic deposit 
is an unstable (i.e., metastable) modification which changes with evolution of heat to a stable 
modification, the clouds being caused by the volatilisation of occluded antimony chloride. 

He was now well embarked on his great series of investigations of the ‘‘ physical meta- 
morphosis ”’ (as he called it) of solid substances. In the case of tin, the grey tin is (at ordinary 
atmospheric pressure) stable below the corresponding transition temperature, the white tin 
stable above it. This is a case of enantiotropy, the two forms being enantiotropic. In the case 
of antimony, one modification has no temperature region of true stability (always metastable), 
This is an example of monotropy. In a long series of researches these phenomena of poly- 
morphism of solid (crystalline) substances were investigated in numerous instances—phosphorus, 
tellurium, cadmium, bismuth, zinc, copper, the ‘‘ explosive ” platinum metals of Bunsen, lead, 
silver, potassium, sodium, antimony iodide, cadmium iodide, silver iodide, thallous picrate, 
ammonium nitrate, etc. 

Special attention was paid to the existence of metastable phases and to their usual formation 
under conditions where the stable ones would be “‘ thermodynamically”’ expected. The 
phenomena of both enantiotropy and monotropy were found to be exceedingly common amongst 
both elements and compounds. From 1909 onwards a series of papers entitled ‘‘ The meta- 
stability of our metal world on account of allotropy, and its significance for physics, chemistry, 
and technology ”’ were published by Cohen, who had gradually come to the conclusion that most 
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metals in common use were, if not entirely metastable, at least mixtures of stable and meta- 
stable forms (phases). The same thing applied to the majority of solid non-metallic substances. 
He was also forced to the conclusion that the well-known tables of physical constants, ¢.g., 
density, specific heat, etc., contained unreliable data owing to the physical “‘ impurity ”’ of solid 
chemically pure substances. 

Reference may be finally made to Cohen’s investigations of what he called the “‘ strain 
disease ’’. Cold working, especially polishing, of metals produces, according to him, metastable 
conditions as a result of partial disruption or deformation of crystalline structures and the 
formation of ‘‘ amorphous ”’ states which, owing to vibration or other causes, are liable to a sort 
of “‘ recrystallisation ’’, i.e., reversion to the stable crystalline state (compare the “ flowed ” 
state of Beilby). Hence the technically troublesome phenomenon of “ season cracking ”’. 

In his work on the transformation of solid substances from one stable phase to another one, 
stable at higher temperatures, a very characteristic feature of Cohen’s researches was the 


employment of what he called “ transition elements’’. Various types of such galvanic cells 
were used, of which a few examples may be mentioned here. If the E.M.F. of the cell 
Metal M in the stable | A solution of a Metal M in the metastable 
solid phase salt of M | solid phase 


be measured at a constant pressure but at different temperatures, it will have a zero value at 
the transition temperature (equilibrium temperature). The transition cell 


Metal M in the stable A solution of a An amalgam electrode of 
solid phase | salt of M the metal @ 


will show a break in the curve relating E.M.F. to temperature at the transition temperature, 
provided that the amalgam suffers no change of condition (such as a change from a purely liquid 
to a heterogeneous state, or vice versa), and that the phase change of M is not retarded. 

The cell (analogous to the standard Clark cell) 


. Saturated solution of ZnSO,,7H,O in 
Zinc amalgam contact with the solid salt" Hg,S0,,Hg 


will show a break in the E.M.F.—-temperature curve when the solid heptahydrate changes to the 
solid hexahydrate. 

A study of galvanic cells led him to a long series of researches on the electrochemistry of the 
standard Clark and Weston cells, including also the Daniell cell and the calomel cell of Lipscomb 
and Hulett. A close and accurate investigation of all the actions occurring in such cells and the 
conditions of stability or metastability of all the phases present, whether solid metals, metallic 
amalgams, or solid salts, led to great and important advances, including, for example, the 
demonstration that the standard Weston cell (as then employed) was quite unreliable. This 
close and accurate analysis enabled him to determine with high precision the various quantities 
occurring in the Gibbs—Helmholtz equation. His work in this field was indeed a most valuable 
contribution to electrochemical thermodynamics. 

An important part of the researches carried out in the Utrecht laboratory by Cohen and his 
collaborators concerned the effect of pressure on the reactions and equilibria occurring in 
condensed (liquid and solid) systems. To this branch of chemical science he gave the name 
“‘ piezochemistry ”’. An account of the work carried out in this field up to 1914 was published 
by Cohen and Schut in a book entitled ‘‘ Piezochemie kondensierter Systeme ”’ (Leipzig, 1919). 
This valuable work contained detailed references to the existing scientific literature. An 
excellent and detailed account of his researches in piezochemistry (up to 1925) can be found in 
his book entitled ‘“‘ Physico-chemical Metamorphosis and some Problems in Piezochemistry ”’ 
(McGraw Hill, 1928), which contains the twenty-one lectures which he delivered at Cornell 
University as the George Fisher Baker Non-Residential Lecturer (1925—26). It may be said 
in passing that anyone wishing to obtain a first-hand and detailed account of Cohen’s principal 
fields of research may be referred to this book. 

The elaborate high pressure apparatus constructed in the Utrecht Laboratory enabled 
measurements to be made up to 1500 atmospheres. A mere enumeration of the principal types 
of effects which were studied will indicate the extent of this work. These included the effect of 
pressure on: (1) rates of chemical reaction; (2) transition temperatures of solid phases; (3) elec- 
tromotive force of galvanic cells; (4) solubilities of solid substances; (5) Faraday’s first law; 
(6) velocity of diffusion in liquid systems; (7) viscosity of liquids; and (8) electrical conductivity 
of solutions. So great was the extent and detail of these investigations that only a few remarks 
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can be made on an occasion such as the present. The rate of inversion of sucrose at 25° in an 
aqueous hydrochloric acid solution was found to be reduced by about 26% when the pressure 
is increased from one to 1500 atmospheres. In the hydrolysis of ethyl acetate by sodium 
hydroxide in aqueous solution a rise of pressure from one to 1500 atmospheres increased the 
reaction-velocity constant by 37%. In these and other similar cases of reaction-velocities the 
measured effects could not be related to thermodynamical equations dealing with equilibrium 
states. In the case, however, of transition temperatures of solid phases, use could be made of 
the well-known Clapeyron equation 

dT T(v, — 0) 

dp aa 
where v, — v, denotes the volume change, T the transition (equilibrium) temperature, p the 
pressure, and q the corresponding heat absorption. In connection with the effect of pressure on 


solubility, Cohen was able to relate-his experimental data to the thermodynamical equation 
known as “‘ Braun’s law ”’, namely 


(55) -/ (Gz), =~ 7a¥l2 


where x denotes the solubility (as moles of solute in a given mass of solvent). On the right- 
hand side of the equation, Av denotes the so-called “‘ fictitious’’ volume change, 1.e., that 
corresponding to the solution of one mole of the solute in a large quantity of the saturated 
solution at T and #, and Q the corresponding amount of heat absorbed under such conditions, 
1.e., the “‘ fictitious heat of solution ’’. These fictitious quantities are simply the limiting values 
approached as the concentration of the solution approaches the saturation (equilibrium) value 
at the givenpand T. A fuller and more precise discussion of these matters and a mathematical 
proof of Braun’s equation would have been desirable, but the foregoing remarks must suffice for 
the purpose of indicating the general nature of Cohen’s work in this particular field of 
investigation. 

The measurement of the effect of pressure on the E.M.F. of a reversible galvanic cell at 
constant temperature enabled Cohen to ascertain the effect of pressure on the “ affinity ”’ (in 
the sense of van’t Hoff’s definition) of the chemical reactions occurring in the cell, and led him 
to a very interesting series of investigations (which included measurements of the effect of 
pressure on the Clark and Weston cells and the lead accumulator). In connection with his 
work on the effect of pressure on diffusion velocity, a brief reference may be made to the potentio- 
metric measurement of the rate of diffusion of cadmium into mercury. It was found that the 
velocity of diffusion of cadmium into mercury at 20° is reduced by 5% on application of an 
external pressure of 1500 atmospheres. Measurements of the viscosity of mercury (at 20°) at 
pressures of one atmosphere and 1500 atmospheres led Cohen to the conclusion that the product 
of the diffusion velocity and the viscosity is equal to a constant independent of the pressure. 
Finally, it may be mentioned that he proved experimentally that the electrical charge of an ion 
in solution is unchanged by an increase of pressure up to 1500 atmospheres. 

This brief sketch of some of the main lines of investigation carried out by Cohen and his ~ 
collaborators might be much extended, did space permit. For example, much excellent calori- 
metric work on specific heats of solids and solutions and on heats of solution deserves mention, 
especially the very interesting investigation on the (negative) heats of solution of the various 
polymorphic forms of cadmium iodide, and their mixtures, which was made possible by the use 
of a specially constructed and very accurate form of electrical adiabatic calorimeter. Many 
other lines of work would be worthy of discussion, but the mere mention of a few of them must 
suffice : osmotic pressure and its measurement; corrosion of metals; effect of traces of water 
on equilibria in solutions, and superheating in relation to the intensive drying of liquids; influence 
of dispersity on solubility and physico-chemical constants; velocity of polymorphic changes 
and the influence of mechanical deformation; polymorphy of ice at one atmosphere pressure. 

A very characteristic part of the many activities of Ernst Cohen was due to his deep interest 
in the history of science, especially, of course, chemical science. Anyone visiting his laboratory 
or his home was at once struck by the abundance of old prints relating to personalities and events 
of interest or importance in this history. In his own country he was the moving spirit in the 
establishment of the historical Committee of the Dutch Chemical Society and the formation of 
its valuable historical library. He was also one of the founder members of the Dutch Society 
for the History of Medicine, Natural Sciences, and Mathematics, becoming its Chairman in 1916. 
A long series of ‘‘ chemical-historical ”’ articles and notes in the Chemisch Weekblad bear ample 
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witness to his activity in historical research, as do also various books, namely one on the history 
of “‘ laughing” gas, one on Herman Boerhaave, and his great book on the life and work of 
van’t Hoff. 

For a man so actively engaged in the laboratory, his scientific-literary output of books was 
quite remarkable. In addition to those to which reference has been made, the following may be 
mentioned : ‘‘ Studien zur chemischen Dynamik ” (an enlarged edition of van’t Hoff’s “‘ Etudes 
de Dynamique Chimique”’); Monograph on Tin in Abegg’s ‘“‘ Handbuch der anorganischen 
Chemie’; two textbooks for medical students, one on physical chemistry, and one (with 
van Romburgh) on inorganic chemistry. 

In the field of national and international organisation and co-operation in science, Ernst 
Cohen took an active and distinguished part. He was a member of the original executive 
Committee of the Dutch Chemical Society (founded in 1903), and became its first President. 
He took a very active share in the work of this Society, becoming President again ten years 
afterwards and finally Honorary President. Elected a member of the Royal Netherlands 
Academy of Sciences in 1913, he did much to promote the scientific work, organisation, and 
prestige of this famous Academy. He became a member, and subsequently Chairman, of the 
Dutch Committee on Coinage. In the international field he took an active part as a member 
of the Council of the International Union of Pure and Applied Chemistry, becoming President 
of the Union in succession to Sir William Pope. For many years he was a valuable member of 
the International Committee responsible for the annual tables of physical and chemical con- 
stants. It is no exaggeration to say that as time went on he became one of the great cosmo- 
politan representatives of chemical science. Invitations to give lectures came to him from 
many countries. These lectures were very successful, for he was not only a good lecturer but 
a good linguist, speaking fluent English, French, and German. In this country he delivered 
the Kamerlingh Onnes and Messel lectures, and also a number of other lectures during his 
frequent visits to London, Oxford, and Cambridge. Perhaps the most famous—certainly the 
most extensive—visit was one to Cornell University in the second semester of 1925—26, when 
he gave a course of twenty-one lectures, as Non-Resident Lecturer in Chemistry on the Baker 
Foundation. Besides such invitations for special lectures, he took part on various occasions in 
the meetings of the Faraday Society, the German Bunsen Society, the German Naturforscherver- 
sammlung, and many similar societies. So high indeed was his position in the esteem of chemists 
throughout the world that it would scarcely be possible on the present occasion to enumerate the 
many invitations he received to visit various countries for special ceremonies. Perhaps it may 
be permissible to make one exception, namely his visit to Liverpool in 1906 on the occasion of 
the opening ceremonies of the Muspratt Laboratory of Physical and Electro-Chemistry. 

Honours came to him from many countries. It is pleasant to remember that in this country 
he was elected a Foreign Member of the Royal Society, an Honorary Fellow of the Chemical 
Society, and an Honorary Member of the Royal Institution. 

One of the greatest things Cohen did in the cause of international friendship and co-operation 
was the famous meeting at Utrecht in the summer of 1922. When staying with Donnan in 
1920, the suggestion was made by the latter that it would be a fine thing if an international 
meeting of chemists could be held in some “ neutral”’ country, preferably Holland. This idea 
was eagerly taken up by Cohen, who, ably assisted by his colleague, Professor van Romburgh, 
formed a small international Committee to discuss the matter. This Committee, consisting of 
E. Biilmann (Copenhagen), G. Bruni (Milan), Victor Henri (Ziirich), R. Schenck (Minster), 
Paul Walden (Rostock), and R. Wegscheider (Vienna), together with Cohen, van Romburgh, 
Kruyt, and Donnan, met at Cohen’s house in 1921. Invitations to 100 chemists in many 
countries were issued in March 1922, and the great Reunion was held at Utrecht during June 
2lst—23rd, 1922. Unfortunately, no Belgians or French were present, but from Germany 
came Bodenstein, Bredig, Hahn, Pfeiffer, Schlenk, Schenck, Stock, Walden, and Wieland. 
Cohen opened the meeting with words of warm welcome (in five languages), many scientific 
lectures were held, and magnificent hospitality was provided by our generous Dutch hosts. The 
Utrecht Reunion was a great success, and a very splendid and noble deed in the cause of inter- 
national friendship on the part of Dutch men of science. 

_ Ernst Cohen was a man of firm and sincere character, who had many friends in the world of 
science. The writer of this Memoir met him first in 1904 and was privileged to enjoy his friend- 
ship for thirty-five years. His equable and kindly, though serious, temperament, his dry wit 
and good-natured humour, his constant regard for the wishes and wants of others—all these 
qualities endeared him to his friends. He was very methodical and systematic in his ways of 
life, which was one of the secrets of his huge accomplishment of work. He was thrice married, 
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and is survived by his third wife, née Miss W. A. T. de Meester (now Mrs. van Ginneken-de 
Meester). His friend and colleague, Professor H. R. Kruyt, has written an appreciation of 
Cohen’s personal qualities as a University teacher and director of research. He possessed in 
high measure the power of inspiring and guiding his research students and collaborators. Great 
freedom of thought and initiative were encouraged by the director, but if necessary one had to 
defend one’s point of view by reasoned argument. The result was a happy and co-operative 
band of successful workers. So great was the number of his research collaborators and assistants 
that only three can be mentioned here, namely, Miss W. A. T. de Meester (who later became his 
wife), H. R. Kruyt, and A. L. Th. Moesveld. As is well known, H. R. Kruyt later became a 
University Professor and colleague of Cohen at Utrecht, and created in the van’t Hoff laboratory 
a famous school of teaching and research in colloid chemistry. 

The tragic end of Cohen’s life has been described by Kruyt in the Chemisch Weekblad (1945, 
41, 126—128). In 1941 his property was seized and in April 1942 his house was taken for German 
officers, but fortunately friendly neighbours took Cohen and his wife into their house. In 
May 1942 he was obliged to wear the “‘ yellow star’’ and became subject to the restrictions 
imposed on Jews. Matters came to a head in 1943, when on a visit to the laboratory he was 
arrested and taken to a prison in Amsterdam, the charge being that he had entered a ‘‘ public ”’ 
building. The many efforts of his friends to secure his release were unavailing, and Cohen was 
sent to the concentration camp at Vught in Holland. At a discussion of this state of affairs by 
the Council of the Dutch Chemical Society, it was proposed by Dr. Kappelmeier that an approach 
be made to the S.S. authorities at the Hague. This was successful, Cohen was released, and 
soon afterwards was freed from practically all the restrictions imposed on Jews. But the 
enemies of the Jews had not yet finished with him. On February 28th, 1944, a friend, having 
found out that an order for his arrest had come from Amsterdam to the Utrecht police, tele- 
phoned Cohen, who then, on good advice, moved to another friend’s house (thus evading imme- 
diate arrest), and when night fell came to see Kruyt. Kruyt advised him strongly to “‘ dive ’’, 
and so give his many friends time to approach the German headquarters at the Hague. But 
this he refused to do, maintaining that he had done nothing wrong and that the whole affair 
must be due to some misunderstanding. Moreover, he refused Kruyt’s advice to approach the 
S.S. headquarters at the Hague himself. Instead, he informed the Utrecht police of his where- 
abouts, was arrested and taken to Amsterdam, and on March Ist to Westerbork. Here further 
efforts were made by his friends to induce him to approach the Hague, but allin vain. The end 
was now not far off. All the evidence goes to show that on March 3rd he was transported (with 
many others) to the notorious ‘‘ death ’’ camp at Auschwitz and there murdered in a gas chamber. 
It is only fair to say that the good treatment Cohen received at the Hague was due to a certain 
Fraulein Slotke and her chief, Zépf, who stood next in rank to Rauter. But towards the end 
of February 1944 Zépf was not in Holland! So the enemies of Cohen seized their chance. As 
regards Cohen himself, Kruyt’s opinion was that the shock of the earlier events had shaken his 
morale and enfeebled his judgment. It seems very probable that if he had taken Kruyt’s good 
advice, his many friends would have safely hidden him until Zépf returned to the Hague, and 
so saved his life. 

So was murdered by some Nazi criminals the man who had worked in the friendliest co- 
operation with German men of science for fifty years, the man who had published a large pro- 
portion of his scientific work in the German language, the man who had organised the ‘‘ Peace 
of Utrecht ’’. 


In conclusion, I express my sincere thanks to Professor H. R. Kruyt who kindly supplied 
me with a number of reports on the life and work of Ernst Cohen. I am also much indebted to 
Dr. S. Coffey and Mr. Francis Bolam for help with translations from the Dutch originals. 
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OBITUARY NOTICES. 


HARRY THORNTON CALVERT. 
1878—1947. 


HARRY THORNTON CALVERT was born on May 3rd, 1878, in Leeds, Yorkshire, where he received 
his early education before proceeding to the Yorkshire College, now the University of Leeds, 
to study in the Honours School of Chemistry. Though only twenty years of age at the time 
of graduation in 1898, he had shown such promise as a student that he was at once awarded 
an 1851 Exhibition, and spent the next three years at the University of Leipzig, where he 
took the Ph.D. degree. His research at Leipzig was concerned with the dielectric properties 
of hydrogen peroxide. 

After returning from Leipzig, Calvert was for a short time a demonstrator in chemistry 
under Professor Arthur Smithells at the University of Leeds. He then moved to Hull to serve 
as Chemist to Messrs. Reckitt & Sons, where he obtained valuable experience in chemistry 
applied to industry and an insight into industrial problems from many angles. 

In 1903 he was appointed Chemist to the West Riding of Yorkshire Rivers Board, a joint 
committee of the Local Authorities of the area, which had been formed to administer the Rivers 
Pollution Prevention Acts. This change marked the beginning of his interest in the problems 
of water supply, sanitation, and prevention of river pollution. Calvert and Maclean Wilson, 
who was then Chief Inspector of the Rivers Board, proved to be ideal partners in guiding this 
important work. They were not inspectors in the narrow sense relying on legal authority : they 
studied in detail the problems with which the managers of local sewage works and industrial 
concerns were confronted in the disposal of waste liquids, and assisted in finding practicable 
methods of overcoming the difficulties, while at the same time having in mind the need to 
decrease the pollution of the local rivers, some of which were in a deplorable condition. It 
was after some years together on this work that Wilson and Calvert collaborated in writing 
the book “‘ Trade Waste Waters—Their Nature and Disposal ”’, which has long been accepted 
as the authoritative work on the subject. Calvert’s outstanding investigations in this field 
were recognized in 1915 by the award of the degree of D.Sc. of the University of Leeds. 

During the First World War, he was released on loan to the Department of Explosives 
Supply of the Ministry of Munitions. In his work in this Department, the wide knowledge 
he had acquired of a variety of chemical and other industries was of great value, and his success 
led to the award of the M.B.E. 

In 1920 Calvert took up a new appointment as Chemical Inspector of the Ministry of Health, 
a post which gave him great scope for using his wide scientific and technical knowledge and his 
sound judgment. When the Water Pollution Research organization was established in 1927 
under the Department of Scientific and Industrial Research he was the obvious choice as 
Director of Research, and he carried this responsibility while continuing his work for the 
Ministry of Health. With characteristic thoroughness, he steadily built up the work of the 
Water Pollution Research organization on a sure foundation. Every investigation, whether 
in the field of fundamental research in University Departments or in the nature of development 
work with large-scale installations in industrial establishments, was carefully planned before 
it was undertaken. Calvert was not interested in grandiose and costly schemes sketchily 
planned; and in consequence few research organizations can claim so much achievement in 
relation to the expenditure incurred as the Water Pollution Research organization. In all 
this work he had the full support of every member of the Research Board, for he had the power 
of inspiring interest and enthusiasm in all concerned, and in unobtrusively getting Boards, 
Committees, and staff working together amicably and efficiently. 

On the outbreak of the Second World War in 1939 he was seconded to the Ministry of Supply 
as Deputy Controller of Sulphuric Acid, which post he retained until his retirement early in 

1947 for reasons of health. 

He will be remembered in his profession as an authority in the field of water supply and 
sanitation, not only in Great Britain, but throughout the world. Kind of heart and always 
ready to help, he made many close friends here, on the Continent, and in America. 

In addition to his many scientific and technical papers and addresses in Great Britain, 
including chapters in the Applied Chemistry Reports and a Chadwick Public Lecture in 1926, 
Calvert was invited to give the Sedgwick Lecture in.-1940 at the Massachusetts Institute of 
Technology, but owing to the war was unable to deliver the lecture. In 1944, he received the 
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Kenneth Allen award of the American Federation of Sewage Works Associations. He took 
a great interest in the Institute of Sewage Purification, of which he was President in 1927, 
1928, and 1939. He was also a prominent Fellow of the Royal Sanitary Institute and of the 
Institution of Sanitary Engineers, a Professional Associate of the Institution of Water Engineers, 
and a member of the Society of Chemical Industry. He obtained the Associateship of the 
Institute of Chemistry in 1899 and the Fellowship in 1904, and had been a Fellow of the Chemical 
Society since April 22nd, 1903. 


A. PARKER. 





RICHARD CAYLEY GIFFARD MOGGRIDGE. 
1915—1946. 


RICHARD MoGGRIDGE was born on February 24th, 1915, and educated at Winchester and Balliol 
College, Oxford. After a short period of research in Oxford he worked until the outbreak of war 
with Professor Harington at University College Hospital Medical School. During the war he 
worked first at a Ministry of Supply Research Establishment, and later in other fields of scientific 
war research. At the end of the war he was appointed to the staff of Messrs. Courtaulds’ 
Research Institute at Maidenhead, but his work there was cut short by his sudden death on 
March 26th, 1946, at the age of 31. 

This bare statement conceals a career of considerable achievement and great promise. 
Richard Moggridge came to Balliol in 1933, holding both the Frazer Scholarship from Winchester 
and an open Domus Scholarship. He did not take much part in the social life of the College, 
but his work in chemistry showed from the very beginning a high standard of all-round achieve- 
ment, and his essays (written in a minute but beautifully legible hand) were models of accuracy 
and exposition. His first piece of research was carried out with Dr. A. G. Ogston before he took 
his degree examination, and dealt with the electrometric titration of vitamin B, (Biochem. J., 
1935, 29, 866). However, his chief interest was in pure organic chemistry, and his fourth year 
was spent with Dr. S. G. P. Plant in investigating some structural problems in the indole series 
(J., 1937, 1125). 

He was placed near the top of the first class in his final examination, and left Oxford in 1937 
to take up a research post in Professor C. R. Harington’s laboratory in the University Coilege 
Hospital Medical School. His interest in biochemical topics had been kindled by his first piece 
of research in Oxford, and his chief work in London was also concerned with vitamin B,, as it 
dealt with the synthesis of an aminothiazolepropionic acid related to this vitamin. This rather 
difficult piece of synthetic work was successfully completed (J., 1939, 443), and a later paper on 
the action of yeast on the synthetic amino-acid (Biochem. J., 1940, 34, 685) is of considerable 
biochemical interest. As a side issue to this synthetic work Moggridge carried out some experi- 
ments in the glutamic acid series (J., 1940, 706), and he also collaborated with Dr. Neuberger 
in a physico-chemical study of the hydrolysis of methylglucosaminides, which provided con- 
tributory evidence as to their structures (J., 1938, 745). 

During this period Richard Moggridge showed an increasing grasp of his subject, both in 
practical skill and in versatility of outlook, and everything pointed to a distinguished scientific 
career in the future. He was very popular with his colleagues, and happy both in his work and 
in his marriage to Daphne Simpson, which took place in 1938. When the war came he did not’ 
feel justified in continuing with his academic research work, and, after a short period as a full- 
time air raid warden, in April 1940 he took up a position in the Chemical Defence Research 
Establishment of the Ministry of Supply at Sutton Oak. His work there involved materials 
which were mostly unpleasant and often dangerous, but he devoted himself to it with unsparing 
energy, without regard for comfort or even health. Matters were aggravated by war-time 
accommodation difficulties, and it seems likely that the strain of this period contributed to his 
sudden death some years later. His work at Sutton Oak gave rise to a series of post-war publica- 
tions on derivatives of 2 : 2’-dichlorodiethyl sulphide and related substances (J., 1946, 813, 815, 
816, 1105; 1947, 530). 

In 1942 he was transferred to a different type of war job, which proved more congenial though 
no less strenuous. He was engaged on research and development work in connection with the 
supply of special equipment and arms to underground movements in enemy-occupied Europe. 
It was often necessary to improvise mines, weapons, explosive charges, special fuzes, and 
initiating mechanisms at very short notice, and Moggridge was given the responsibility of 
devising and carrying out such “‘ user ”’ trials as were practicable under these conditions. Risks 




















[1947] Obituary Notices. 1709 


had to be taken, but by great thoroughness and attention to detail he succeeded in carrying out 
an arduous task with conspicuous success. During 1943—45 a constant stream of supplies was 
provided for various countries, and in France in particular the partisan movement was able to 
assist materially in the first few critical days after D-day. 

In August 1945 Richard Moggridge became Senior Organic Chemist in the newly founded 
research station of Messrs. Courtaulds, Ltd., at Maidenhead. Here his previous interest in pro- 
teins and amino-acids fitted in with fundamental problems of textile research, and he had 
planned a programme of work for himself and his collaborators. However, he had barely had 
time to get this work under way when he died, suddenly and unexpectedly, in March 1946 just 
before his son Robin’s third birthday. 

Richard Moggridge was liked and respected by all his associates for his integrity of mind 
and character and his consideration for others. His scientific ability was matched by an 
interest in many things outside science which grew as he got older. His chief loves were music 
and climbing, in both of which he was joined by his wife. His knowledge of music was wide, 
but it was particularly choral music in which he took an active part, first at Winchester and in 
the Oxford Bach Choir, and later in London and Richmond. His climbing (in the Alps and the 
British hills) was also much more than a technical accomplishment, being based on a real love 
of mountain scenery and country people. 

The last year of his life contained a new element, which he would certainly wish to be 
mentioned here. In June 1945 he and his wife joined a group of choral singers at St. Martin- 
in-the-Fields, and from that time the Christian faith became an increasingly important part of 
his life. It seems likely that, had he lived, he would have become even more intimately asso- 
ciated with the Church. On April 9th, 1946, his friends at St. Martin’s held a choral service 
there in memory of him, and the beauty and sincerity of that occasion showed how deep an 
impression he had made among his fellow Christians. One phrase from that service forms a 
fitting conclusion to this notice : to know Richard was to realise ‘‘ how possible it is to have at 
one’s side goodness unaware of its good, greatness that honestly believes it is small ”’. 


My thanks are due to Dr. C. R. Harington and Professor D. M. Newitt for help in preparing 
this notice. 


R. P. BEL. 
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tsoAmyldi-n-hexylamine oxalate, 200. 
tsoAmyl-n-hexylamine, and its salts, 200. 
m-n-Amyloxyanisole, 104. 
3-Amyloxyphenoxyacetic acid, 104. 
n-Amylphosphonic acid, diethyl ester, 1466. 
Analysis, chromatographic, theories of, 1302, 1308, 1315, 1321. 
semimicro-, qualitative, 1347. 
Anhydroacetyljavanicin, hydroxy-, acetyl derivative, 1028. 
Anhydrojavanicin, and its derivatives, 1027. 
Anhydrojavanicin, bromo-, 1028. 
2:3-Anhydro-a-methyl-/-ribopyranoside, 972. 
Anhydrotetronic acid, structure of, and its derivatives, 1365. 
Aniline, m-substituted derivatives, Skraup reaction with, 437. 
Aniline, 2:4:6-iribromo-, and 2:4:6-trichloro-, diazotised, 
reaction of, with Sandmeyer reagent, 173. 
2:6-dichloro-4-nitro-, deamination of, 734. 
3:5-dicyano-, 83. 
8-Anilino-a-acetamidoacrylic acid, ethyl ester, 101. 
B-Anilino-a-amidino-8-3-methoxy-4-hydroxyphenylpropion- 
amide hydrochloride, 618. 
2-Amino-4-aminoalkylaminoquinazolines, 2-p-chloro-, 781. 
1-Anilino-5-anilodimethyl-1:3-pentadienes, hydrohalides, 961. 
1-Anilino-5-anilomethyl-1:3-pentadiene hydrobromides, 961. 


' 4-Anilino-6-p-anisidino-1:3:5-triazine, 2-amino- and 2-chloro- 


4-p-chloro-, 159. 
2-Anilino-7:8-benzoquinoline, 4-chloro-2-p-chloro-, 906. 
4-Anilino-6-ay-bisdiethylaminoisopropylamino-1:3:5-triazine, 2- 

amino- and 2-chloro-4-p-chloro-, 159. 
2-Anilino-4:6-di-p-anisidino-1:3:5-triazine, 2-p-chloro-, 160. 
4-Anilino-6-8-diethylaminoethylamino-2:5-dimethylpyrimidine, 

4-p-bromo-, and its dihydrochloride, 1359. 
4-p-chloro-, and its dihydrochloride, 1358. 
4-p-nitro-, and its dihydrochloride, 1359. 
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2-Anilino-4-8-diethylaminoethylamino-6-hydroxy-1:3:5-tri- 
azine, 2-p-chloro-, 159. 

4-Anilino-6-8-diethylaminoethylamino-2-methyl-5-ethyl- 
pyrimidine, 4-p-chloro-, and its dihydrochloride, 1360. 

4-Anilino-6-f-diethylaminoethylamino-5-phenyl-2-methyl- 
pyrimidine, 4-p-chloro-, 1361. 


4-Anilino-6-8-diethylaminoethylaminopyrimidine, 2-amino-4- 
p-chloro-, 1362. 
4-Anilino-2-8-diethylaminoethylaminoquinoline, 4-p-chloro-, 


dihydriodide, 905. 
2-Anilino-6-f-diethylaminoethylamino-4-methyl-1:3:5-triazine, 
2-p-chloro-, 158. 
4-Anilino-6-f-diethylaminoethylamino-1:3:5-triazine, 2-amino-, 
2-amino-4-p-chloro-, 2-chloro-, 2:4-di-p-chloro-, and 2-chloro- 
4-p-chloro-, and their hydrochlorides, 159. 
4-Anilino-6-5-diethylamino-a-methylbutylamino-2:5-dimethyl- 
pyrimidine, 4-p-chloro-, 1359. 
4-Anilino-6-5-diethylamino-a-methylbutylamino-2-methyl- 
pyrimidine, 4-p-chloro-, and its dipicrate, 1357. 
anette 
58. 
2-Anilino-4-y-diethylaminopropylamino-7:8-benzoquinoline, 2- 
p-chloro-, and its dihydrochloride, 906. 
4-Anilino-6-y-diethylaminopropylamino-2:5-dimethylpyrimid- 
ine, 4-p-chloro-, and its dihydrochloride, 1359. 
4-Anilino-6-y-diethylaminopropylamino-2-methyl-5-ethyl- 
pyrimidine, 4-p-chloro-, and its dihydrochloride, 1361. 
2-Anilino-4-y-diethylaminopropylamino-3-methylquinoline, 2- 
p-chloro-, and its perchlorate, 908. 
2-Anilino-6-y-diethylaminopropylamino-4-methyl-1:3:5- 
triazine, 2-p-chloro-, 158. 
4-Anilino-6-y-diethylaminopropylamino-5-phenyl-2-methyl- 
pyrimidine, 4-p-chloro-, 1361. 
2-Anilino-4-y-diethylaminopropylaminoquinoline, 2-p-chloro-, 
and its dihydrochloride, 905. 
7-chloro-2-p-chloro-, 908. 
4-Anilino-6-y-dimethylaminopropylamino-2:5-dimethyl- 
pyrimidine, 4-p-chloro-, and its dihydrochloride, 1359. 
4-Anilino-6-y-dimethylaminopropylamino-2-methyl-5-ethyl- 
pyrimidine, 4-p-chloro-, and its salts, 1360. 
6-Anilino-2:5-dimethylpyrimidine, 4-chloro-6-p-chloro-, 1358. 
4-chloro-6-p-nitro-, 1359. 
2-Anilino-4-ethoxyquinazoline, 2-p-chloro-, 780. 
6-Anilino-5-ethylpyrimidine, 4-chloro-2-amino-6-p-chloro-, and 
its hydrochloride, 1362. : 
4-chloro-2-amino-6-p-cyano-, 1362. 
2-Anilino-3-ethylquinoline, 4-chloro-2-p-chloro-, 909. 
a aces dee 4-p-chloro-, 
8-Anilino-6-hydroxy-2-methylpurine, and its hydrochloride, 
946. 


2-p-chloro-, 


2-Anilino-4-hydroxy-6-methyl-1:3:5-triazine, 2-p-chioro-, 158. 
2-Anilino-4-hydroxyquinazoline, 2-p-chloro-, and its hydro- 
chloride, 778. 
4-Anilino-2-hydroxyquinoline, and 4-p-chloro-, 904. 
2-Anilinoisoindolinone-3-acetic acid, 2’-bromo-4’-nitro-, and 
2-2’:6’-dibromo-4’-nitro-, and their methyl esters, 473. 
2-2’-chloro-4’-amino-, and 2’:6’-dichloro-4’-nitro-, and its 
— ester, 472. 
2-2’-chloro-4’-nitro-, and its methyl ester, 471. 
2-4’-nitro-, 470. 
2-2’:4’-dinitro-, and its derivatives, 832. 
2-Anilino-3-methyleneisoindolinone, 2-(2’:4’-dinitro)-, 837. 
1 -Titetaeemenemmes 4-chloro- 6 - p - chloro-, 
2-Anilino-4-methyl-1:8-naphthyridine, 7-amino-, and 7-amino- 
2-p-chloro-, and its hydrochloride, 1409. 
Anilinomethylpyrimidines, aminochloro-derivatives, 1357, 
1358. 


2-Anilino-3-methylquinoline, 4-chloro-2-p-chloro-, 908. 
2-Anilino-4-methylthioquinazoline, 2-p-chloro-, 780. 
2-Anilino-4-methyl-1:3:5-triazine, 6-amino-2-p-chloro-, and its 
6-acetyl derivative, 158. ; 
< - eee and -$-methylvinyl)benzthiazole ethiodides, 
4-Anilino-6-methoxycinnoline, 920. 
2-Anilino-4-phenoxy-6-methylpyrimidine, 2-p-chloro-, 790. 
2-Anilino-4-phenoxyquinazoline, 2-p-chloro-, 780. 
a-Anilinophenylacet-p-chloroanilide, 1044. 
7-Anilino-4-phenyl-2-methyl-1:8-naphthyridine, 1410. 
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6-Anilino-5-phenylpyrimidine, 
1362. 

2-Anilino-4-isopropylamino-6-ethoxy-1:3:5-triazine, 2-p-chloro-, 
160. 


4-chloro-2-amino-6-p-chloro-, 


4-Anilino-6-isopropylamino-1:3:5-triazine, 
chloro-4-p-chloro-, 159. 
6-Anilinopyrimidine, 4-chloro-2-amino-6-p-chloro-, and _ its 
hydrochloride, 1361. 
2-Anilinoquinazoline, 4-chloro-2-p-chloro-, 780. 
2-Anilinoquinoline, 4-chloro-, and 4:2-dichloro-, and 4-chloro- 
2-nitro-, 905. 
4-Anilinoquinoline, 2-chloro-, and 2:4-p-dichloro-, 904, 905. 
6-Anilino-1:3:5-triazine, 2:4-dichloro-6-p-chloro-, 158. 
Anilinovanillylcyanoacetic acid, ethyl ester, 617. 
A caer ethiodide and ethochloride, 
5 i. 7 
2-8-Anilinovinylbenzthiazole, 5-chloro-, and 6-nitro-, and their 
derivatives, 957. 
Anionotropic rearrangement, kinetics of, 1096. 
m-Anisidine, 4-cyano-, 440. 
4-p-Anisidino-6-f-diethylaminoethylamino-2:5-dimethyl- 
pyrimidine, and its dihydrochloride, 1359. 
4-p-Anisidino-6-8-diethylaminoethylamino-2-methyl-5-ethyl- 
pyrimidine, and its dihydrochloride, 1361. 
4-p-Anisidino-6-f-diethylaminoethylamino-1:3:5-triazine,  2- 
chloro-, hydrochloride, 159. 
4-p-Anisidino-6-y-dimethylaminopropylamino-2-methyl-5- 
ethylpyrimidine, 1361. 
6-p-Anisidino-2:5-dimethylpyrimidine, 4-chloro-, 1359. 
nee acid, ethyl ester, 
4-p-Anisidino-6-hydroxy-2-methyl-5-ethylpyrimidine, 1361. 
2-p-Anisidino-4-hydroxyquinazoline, 780. 
6-p-Anisidino-2-methyl-5-ethylpyrimidine, 4-chloro-, 1361. 
2-p-Anisidinocyclopent-l-enecarboxylic acid, ethyl ester, 1037. 
6-p-Anisidinopyrimidine, 4-chloro-2-amino-, and its hydro- 
chloride, 1362. 
6-p-Anisidino-1:3:5-triazine, 2:4-dichloro-, 158. 
Anisole, 3-nitro-4-cyano-, 440. 
2-p-Anisylisoarsindoline, and its derivatives, 666. 
1-(p-Anisyl)buta-1:3-diene, and its adducts, 1096. 
N’-p-Anisyl-N-diethylaminoethylbenzamidine, 163. 
ot ~ gta 
2-p-Anisyldihydroglyoxaline, and its salts, 500. 
2-Anisyl-2:3-dihydroreteneoxazole, 2-hydroxy-, 653. 
4-p-Anisyl-3-methylcinnoline N-oxide, 1651. 
3-p-Anisyl-2-methylindole, and its picrate, 1652. 
p-Anisylpropenylcarbinol, 1096. 
1-p-Anisyl-1:4:9:10-tetrahydronaphthaquinone, 1096. 
Annual General Meeting, 702, 867. 
10-Anthraldehyde, 9-hydroxy-, anil, 978. 
— acid, 5-chloro-, methyl ester, preparation of, 
94, 
Antibiotics, production of, by fungi, 1021. 
Antimalarials, new, 678, 1659. 
synthesis of, related to niquidine, 222. 
synthetic, 41, 154, 160, 775, 783, 890, 899, 910, 914, 917, 
1354, 1613. 
chemistry of, 1331. 
tetrahydroacridones, 1034. 
Apple pectic acid, molecular structure of, 1218. 
Arabinose, determination of, 1048. 
p- and t-Arabinoses, derivatives of, 1341. 
1-d-Arabinosidoglyoxaline-4:5-dicarboxyamide, 380. 
1-l-Arabinosidoglyoxaline-4:5-dicarboxyamide, and its 1-tri- 
acetyl derivative, 380. 
Arachis hypogea, araban from, structure of, 1221. 
Aromatic compounds, kinetics of substitution in, by halogens, 
1167. 
reaction of benzoic anhydride with, catalysed by boron tri- 
fluoride, 1237. 
isoArsindoline, 2-chloro-, and 2-iodo-, 667. 
5-chloro-2-iodo-, 668. 
Arsines, cyano-ethylation of, 618. 
Aryl isocyanates, reaction of, with methyl] alcohol, 713. 
1-Arylalkyl cyanides, 3-nitro-, preparation of, 1504. 
4-Arylamino-6-aminoalkylaminopyrimidines, 1354. 
2-Arylamino-4-aminoalkylaminoquinazolines, 775. 
Arylaminoaminoalkylaminoquinolines, 899. 


2-amino- and 2- 
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2-Arylamino-4-aminoalkylaminoquinolines, 907. 
2-Arylamino-4-8-diethylaminoethylaminoquinazolines, 782. 
2-Arylamino-ketones, molecular rearrangement and displace- 
ment of arylamine residues in, 1041. 
2-Arylisoarsindolines, preparation and properties of, 662. 
4-Arylcinnolines, N-oxides, 1649. 
Aryldiazonium sulphates, solid, | ge = peer of, 325. 
Arylmethyl cyanides, reaction of, with a-nitro-olefins, 1504. 
Aryloxydialkylaminoalkylaminopyrimidines, 783. 
Aryl pyridyl sulphones, synthesis of, 52. 
Arylthiodialkylaminoalkylaminopyrimidines, 783. 
9-Arylxanthens, reactions of, in sunlight, 997. 
Aspergillus clavatus, clavatol from, 611. 
Atomic weights, reports on, 980, 983. 
table of, 988. 
Azamethin [2-(4-methylthiazole) ][2-(3-phenyl-4-methyl-2:3-di- 
hydrothiazole)], 1658. 
Azamethin[2-(4-phenylthiazole) |[2-(3:4-diphenyl-2:3-dihydro- 
thiazole) ], and its dihydrobromide, 1658. 
bicyclo($:8:1)-2-Azanonane, derivatives of, 399. 
1-Azanthraquinone, chemistry of, 539, 545. 
1-Azanthraquinone, 6-bromonitro-, chloronitro-, and hydroxy- 
derivatives, 544. 
chloro-derivatives, 542. 
1-Azanthraquinonesulphonic acids, barium salts, and their p- 
chlorobenzyl-%-thiouronates, 542. 
Azeotropic systems. See under Systems. 
Azole series, 1594, 1598. 
1:1’-Azonaphthalene, reduction of, 77. 
1:1’-Azonaphthalene, 4:4’-dichloro-, and 4:4’-dinitro-, reduc- 
tion of, 77, 78. 
2:2’-Azonaphthalene, 1:1’-dibrémo-, 1392. 
Azoxy-3-methyl-2-stilbazoles, 1699. 


BAL. See Propanol, 2:3-dimercapto-. 
Balance sheets, 868. 
Base, C,,H,O,N;,, from nitration of o-acetamidoacetophenone, 
238. 
Bases, lee ene of, 1508. 
Benzaldehyde-2’:4’-dinitrophenylhydrazone-w-sulphonic-2-- 
acrylic acid, sodium salt, 832. 
Benzamidine, p-bromo-, thiocyanate, 393. 
p-hydroxy-, and its salts, 392, 393. 
o- and p-nitro-, 1114. 
Benzamidoxime hydrobromide, 969. 
1:2-Benzanthraquinone, 2’-hydroxy-, preparation of, 941. 
Benzene, reaction of, with methyl ether, 928. 
Benzene, chloro-derivatives, influence of para-gtoups on 
lability of chlorine in, 1109. ’ 
p-dinitro-, crystal structure of, 884. 
4-Benzeneazo-2-benzylthiazole, 5-amino-4-p-nitro-, and its 5- 
acetyl derivative, 1597. 
5-Benzeneazo-4:6-dimethylpyrimidine, 2-amino-, 51. 
aaa taa ia cite are 5-p-chloro-, 


Pa Deena, 
1-Benzeneazo-2-naphthol, 6-nitro-1-p-nitro-, 1061. 
7-nitro-1-p-nitro-, and its acetate, 1062. 
1-Benzeneazo-2-naphthylamine, 6- and 7-nitro-1-p-chloro-, 
and 6- and 7-nitro-l-p-nitro-, 1061. 
5-Benzeneazopyrimidine, 2:4:6-trihydroxy-5-p-chloro-, 1248. — 
Benzenediazonium sulphate, 2:4:6-tribromo-, and 2:4:6-tri- 
chloro-, decomposition of, 174. . 
Benzenediazo-oxides, nitro-, thermal decomposition of, 1560. 
Benzene-4-diazo-l-oxide, 2-nitro-, kinetics of thermal decom- 
position of, 1560. 
Benzene-2-naphthol-1-diazosulphonic 
sodium salt, derivatives of, 829. 
2-Benzenesulphenamido-4:5-dimethylthiazole, 2-p-nitro-, 114. 
2-Benzenesulphenamido-4-methylthiazole, 2-p-chloro-, and 
2-p-nitro-, 115, 116. 
2-Benzenesulphenamido-5-methylthiazole, 2-p-nitro-, 114. 
2-Benzenesulphenamidothiazoles, rearrangement of, 110, 114. 
2-Benzenesulphenamidothiazole, 2-p-chloro-, 113. 
Benzenesulphonamidoguanidine, m-amino-, 822. 
2-Benzenesulphonamidoiminazoline, 2-p-amino-, 822. 


4:6-dichloro-5-p-chloro-, 


acid, 2’:4’-dinitro-, 














i- 








3-Benzenesulphonamido-6-methylpyridazine, 3-p-nitro-, 243. 

2-Benzenesulphonamidotetrahydropyrimidine, 2-p-amino-, 822. 

2-Benzenesulphonamidothiazoline, 2-p-amino-, 822. ~ 

Benzenesulphonanilide, 4:4’-diamino-, 4:4’-diacetyl derivative, 
66 


N-Benzenesulphonimidopyridine, 
acetyl derivative, 65. 

Benzenesulphonyl azide, p-amino-, p-acetyl derivative, 65. 

reaction of, with pyridine, 60. 

1-Benzenesulphonylacetone, 3-bromo-1-p-nitro-, 117. 

Benzenesulphonylbenzisothiazolone, reaction of, with sub- 
stances containing reactive methylene, 1574. 

N-Benzenesulphonylbenzisothiazolone, reactions of, 
aromatic amines, 1229. 

2’-N-Benzenesulphonylcarbamyldiphenyl sulphide, 4-amino-, 
and its derivatives, 1232. 

2’-N-Benzenesulphonylcarbamyl-3-methyldiphenyl sulphide, 
4-amino-, and its derivatives, 1232. 

3-(2’ -Benzenesulphonylearbamylphenyl-1’-thio)pentane-2: 4- 
dione, 1576. 
N-Benzenesulphonyl-a-ethyl-a-n-butyl-a-sec.-octylacetamidine, 
N-p-amino-, and its acetyl derivative, 742. 

B-Benzenesulphonyl-a-methylguanidine, 8-p-amino-, B-p-acetyl 
derivative, 821. 

2-Benzfuryl £-cyanoethyl ketone, 1194. 

2-Benzfuryl B-dimethylaminoethyl ketone, hydrochloride, 1193. 

2-Benzfurylpropionic acid, 1194. 

Benzhydroxamic acid, O-butyl ester, 968. 

Benzhydroximic acid, OO’-dibutyl ester, 968. 

Benzil, 4:4’-diamino-, and 2:2’-dihydroxy-, 251. 

Benzilic acid, dialkylaminoalkyl esters, and their derivatives, 
166. 

Benzilic acid, 4-chloro-, 953. 

Benzilic acids, alkylamino-esters, 60. 
substituted, 952. . 

4-Benzilyloxy-1:2:2:6:6-pentamethylpiperidine, 60 

B-4-Benzilyloxy-1:2:2:6-tetramethylpiperidine, 60. 

Benzoic acid, 2-chloro-5-cyano-, 640. 
p-hydroxy-, benzoyl derivative, and its anhydride, 123. 

5-nitro-3-cyano-, amide and methyl ester, 83. 

ivtners anhydride, reaction of, with aromatic compounds, 
catalysed by boron trifluoride, 1237. 

Benzoin, 4:4’-diamino-, 4:4’-diacetyl derivative, 251. 

Benzo-1’-(2”’: 4’ -dinitrophenyl)-1’-methylhydrazide-2-f-acrylo- 
nitrile, 833. 

Benzophenone, 3:3’-dichloro-, 953. 

Benzophenones, substituted, 952. 

Benzopyrylium salts, synthesis of, 346. 

7:8-Benzoquinoline, 2:4-dichloro-, 906. 

1-Benzoyl-6-acetyl-2:3-dimethylindole, 1633. 

N-Benzoylbenzenesulphonmethylamide, 387. 

N-Benzoylbenzenesulphon-2-pyridylamide, 387. 

9-Benzoylcarbazole, 3:6-dichloro-, 939. 

B-Benzoylpropionamide, 8-4-hydroxy-, 1195. 

B-Benzoylpropionchloroimide, 1194. 

B-Benzoylpropionic acid, B-p-bromo-, 1193. 

B-Benzoylpropionitrile, 8-p-bromo-, B-p-chloro-, and f-3- and 
-4-hydroxy-, 1193. 

N-B-Benzoylpropionylacetamide, 1195. 

N-Benzoyl-4-propylpiperidine, 223. 

a entice ra acid, ethyl ester, 


N-p-amino-, and its N-p- 


with 


2-Benzoylthionaphthen, 3-hydroxy-2-m-nitro-, 1577. 
N-Benzoyltoluene-p-sulphonethylamide, 387. 
Benz-1:3-thiazines, derivatives of, from reduction of benziso- 

thiazolones, 763. 

Benzthiazole, derivatives, reactions of, 1619. 
Benzisothiazolones, reduction of, to benz-1:3-thiazines, 763. 
10:11-Benzthionaphthindole, 657. 

11:12-Benzthionaphthindole, and its dipicrate, and 2-nitro-, 657. 
11:12-Benzthionaphthindole, 6-nitroso-, 658. 

Benzyl methyl ether, o-bromo-, 1639. 
N-Benzyl-p-amidinophenyl methyl sulphone, reineckate, 392. 
Benzylamines, preparation of, from benzyl! halides and hexa- 

methylenetetramine, 1116. 

’-Benzylanisamidine, and its chloride, 1115. 
1-Benzyl-2:7-diazacycloheptene, picrate, 501. 
Benzyldichlorosilane, 1593. 

Benzyldi-n-hexylamine oxalate, 200. 
2-Benzyldihydro-1:3-benzthiazine-4-one, 764. 
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2-Benzyldihydroglyoxaline, 2-4’-amino-, and its salts, 500. 
Benzyldimethyl-(2-methylthioethyl)ammonium iodide, 771. 
a=-Benzyl-a-ethyl-a-n-butylacetamidine, 741. 
Benzylethyl-n-butylacetonitrile, 741. 
1-Benzylcyclohexane, 2-nitro-1-p-bromo-a-cyano-, 1505. 
Benzyl-n-hexylamine, and its hydrobromide, 200. 
ee rs 
4:6-Benzylidene 2:3-anhydro a-methylalloside, action of acid 
reagents on, 10. 
4:6-Benzylidene 2:3-anhydro a-methylmannoside, ring scission 
of, with ammonia, 18. 
5-Benzylidenebarbituric acid, 5-2 : 4-dinitro-, 734. 
4:6-Benzylidene a-methylglucoside barium sulphate, 1677. 
4:6-Benzylidene a-methylglucoside, 3-bromo-, 17. 
3-chloro-, 15. 
4:6-Benzylidene 2-methyl a-methylglucoside, 3-bromo-, 17. 
3-chloro-, 16. 
Benzylidene-2-naphthylamine, 6:4’- and 7:4’-dinitro-, 330. 
Benzylidenephthalide, reaction of, with phenanthraquinone, 
998. 


9-Benzylidenethioxanthen, reaction of, with phenanthra- 
quinone, 998. 
3’:5’-Benzylidene uridine, and its diphenyl phosphate, 340. 
a -  _crareene reaction of, with phenanthraquinone, 
8. 


Benzylmethylamine hydriodide, preparation of, 1118. 

4-Benzylmethylamino-2’-N-benzenesulphonylcarbamyldi- 
phenyl sulphide, 1232. 

4-Benzylmethylamino-2’-carboxydiphenyl sulphide, 1232. 

4-Benzylmethylamino-2’-carboxydiphenyl sulphide-3-sulphonic 
acid, 1233. 

2-Benzylmethylaminothioxanthone, 1233. 

N-Benzyl-N’-methylbenzamidine, and its toluene-p-sulphon- 
ate, 389. 

5-Benzyl-5-methyl-2:4-dithiohydantoin, 683. 

Benzylmethyleneimine methiodide, 1118. 

Benzylmethyleneimine, p-chloro-, 1118. 
ee een acid, ethyl ester, 

2-Benzylthiazole, 5-amino-, and its acetyl derivative, and 
4-nitro-5-amino-, and their derivatives, 1596. 

B-(Benzylthio)acrylic acid, 1033. 

a and its dinitrophenylhydrazone, 


y-Benzylthio-n-butylamine, and its hydrochloride, 1611. 

4-8-Benzylthioisobutylthiazole, 5-amino-2-mercapto-, 1612. 

y-Benzylthio-n-butyronitrile, a-amino-, hydrochloride, 1611. 

y-Benzylthio-y-methyl-n-butylamine, and its hydrochloride, 
1611. 

y-Benzylthio-y-methyl-n-valeric acid, a-amino-, 1612. 

eee a-amino-, hydrochlor- 
ide, 1611. 

2-Benzylthio-4-phenylthiazole, 1658. 

2-Benzylthio-4-phenylthiazole, 5-amino-, 1604. 

aye and its dinitrophenylhy drazone, 


p-Bensyltioiwvaeradchyde, and its dinitrophenylhydrazone, 


D - .  e a-amino-, hydrochloride, 1611. 
Beryllium dipro a eager mer 1383. 

Betaine hydroc conductivity and viscosity of, 76. 
4:6-Bis-p-acetamidophenylsulphonyl-2-methylpyridine, 55. 
ae-Bis-(5-amidino-2-pyridyloxy)pentane dihydrochloride, 88. 

1: “ PP ‘-Bisaminomethyldiphenoxy)pentane, and its diacetate, 
1:3-( app ’-Bisaminomethyldiphenoxy)propane, ond its diacetate, 


Pe  - and its dihydrochloride, 1453. 
pp’-Bisaminomethyldiphenyl ether, 1454. 
pp’-Bisaminomethyldiphenylmethane, and its dibenzoyl deriv- 
ae 1454. 
pp’-Bisaminomethylstilbene, 1454. 
Bis-(2-amino-4-thiazolylmethyl) disulphide, and its diacetyl 
derivative, 324. 
2:8-Bisanilinoacridine, hydrochloride, 247. 
Bis-2-isoarsindolyl sulphide, 667. ; 
Bis(benzylmethyleneimine), 1117. 
2:4-Bis-p-chloroanilinoquinazoline, 780. 
As-spiro-Bis-5-chloroisoarsindolinium salts, 662, 669. 
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[Bis - 2- (5-chloro- 3 - ethylbenzthiazole) |[af’ -dimethin-2’-(5’- 
chloro-3’-ethylbenzthiazole) |trimethincyanine diiodide, 1442. 
a iodide, 


Bi-2(6chloro-S-<thylbensthiazoletrimethneyanin iodide, 
57 
Bispentachloroethyltetrachlorodisiloxane, 1592. 
1:5-Bischloromethylnaphthalene, 1433. 
5:8-Bischloromethyl-1:2:3:4-tetrahydronaphthalene, 1434. 
ae-Bis-(5-cyano-2-pyridyloxy)pentane, 88. 
ay-Bis-(5-cyano-2-pyridyloxy)propane, 88. 
Bis-2-(5-cyclylpyrrole)azamethin salts, 
cycloylpropionitriles into, 1196. 
ete ee toluene-p-sulphonate, 


4:6-Bis-( 8-diethylaminoethylamino)pyrimidine, 2-amino-, 47. 

1:3-Bis(diethylamino)-2-ethylpropane, 2-amino-, and its tri- 
picrate, and 2-nitro-, 1513. 

1:3-Bis(diethylamino)-2-methylpropane, 2-amino-, and 2-nitro-, 
1512. 


conversion of f- 


4:6-Bis-(y-diethylaminopropylamino)pyrimidine, 2-amino-, 47. 

2:4-Bis-(y-diethylaminopropylamino)quinazoline, and its tri- 
picrate, 777. 

Bis-[2-(N-diethyldithiocarbamato)ethyl] sulphide, 850. 

1:4-Bis-(2’-dihydroglyoxalinyl)butane toluene-p-sulphonate, 500. 

4:4’-Bis-(2-dihydroglyoxalinyl)diphenyl toluene-p-sulphonate, 
500. 


1:2-Bis-(2’-dihydroglyoxalinyl)ethane, and its toluene-p-sul- 
phonate, 500. 
ihc 


1:6-Bis-(2 -dihydrogiyoraliny! )pentane 
nas 
re )stilbene 
1A Bin? -dihydroglyoxalinyl)undecane toluene-p-sulphonate, 


Bis-2-(5:6-dimethoxy-3-ethylbenzthiazole)-88’-dimethylhepta- 
methincyanine iodide, 962. 
4:4’-Bis(dimethylamino)azoxybenzene, derivatives of, 559. 
Bis-(m-dimethylamino)oxanilide, 247. 
Bis(diphenyl-2-cyano-n-propylarsine)palladium, dichloro-, 622. 
Bis-2-(3:5-diphenylpyrrole)azamethin, 1200. 
a * 1a cere bromide, 
~ ° erie bromide, 
1631. 


1’:5-Bis-(2:4-dithio-5-phenylhydantoin, 1606. 

laces hydrochlor- 
ide, 1195. 

Bis-3-(2-ethoxy-5-phenylpyrrole)methin hydrochloride, 1195. 

Bis-3-(2-ethoxy-5-phenylpyrrole)trimethin hydrochloride, 1195. 

[Bis- 2 - (3- ethyl-6:7- benzbenzthiazole) |[af’ -dimethin-2’-(3’- 
ethyl-6’:7’-benzbenzthiazole) |trimethincyanine diiodide, 1441. 

Bis-2-(3-ethyl-6:7-benzbenzthiazole)-£8’-dimethylheptamethin- 
cyanine iodide, 962. 

Bis-2-(3-ethyl-6:7-benzbenzthiazole)-5-methylheptamethin- 
cyanine iodide, 962. 

[Bis-2-(3-ethylbenzselenazole) |[a’-dimethin-2’-(3’-ethylbenz- 
selenazole) |trimethincyanine diiodide, 1442. 

+ panne ste 
i e, 962. 

a 
i es, 962. 

[Bis-2-(3-ethylbenzthiazole) |[a8’-dimethin-2’-(3’-ethylbenzthi- 
azole) |trimethincyanine dichloride and diiodide, 1441. 

Bis-2-(3-ethylbenzthiazole)dimethylheptamethincyanine 
iodides, 962. 

- * Vs iodides, 


[Bio-£-(1-othylquizoline) Taf" -dimethin-4’-(1’-ethylquinoline) |- 
trimethincyanine diiodide, 1442. 

[Bis-2-(3-ethyl-A?-thiazoline) }[a8’-dimethin-2’-(3’-ethyl-A”’-thi- 
azoline) |trimethincyanine diperchlorate, 1442. 

Bis-2-(3-ethyl-A?-thiazoline)-85-dimethylheptamethincyanine 
iodide, 962. 

Bis-2-(3-ethyl-A?-thiazoline)-3-methylheptamethincyanine 
iodide, 962. 


toluene-p-sulphonate, 
toluene-p-sulphonate, 
toluene-p-sulphonate, 
toluene-p-sulphonate, 
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Bis-2-(3-ethyl-A?-thiazoline)pentamethincyanine iodide, 1443. 
Bis-3-(2-keto-5-phenyl-2:3-dihydropyrrolylidene), 1199. 
2:2’-Bis-(3-keto-2-2’-quinolylthionaphthen), 1577. 
Bis-3-(2-methoxy-5-phenylpyrrole)methin hydrochloride, 1195. 
aB-Bis-6-methoxyquinolyl(4)ethylene, 1686. 
2:8-Bismethylamino-3:7-dimethylacridine, 249. 
3:4-3’:4’-Bismethylenedioxybenzilic acid, 953. 
eee enn LE -aatg- 
3’-ethylthiazole) |trimethincyanine diiodide, 1442. 
a *~ ceases iodide, 


[Rie-6-{8-methyl-AY- thiazoline) |[a8’-dimethin-2’-(3’-methyl-A* - 
thiazoline) |trimethincyanine diiodide, 1442. 

1:3-Bis-p-nitrobenzenesulphonylacetone, 117. 

1:3-Bis-2’:2’:2’-trinitroethylbenzene, 5-nitro-, 1236. 

5-Bisphenylacetoethylenediamide, 503. 

1; " ira and its salts, 

Bis(phenylbie3-beneyloxyproprarsine)paladium, dichloro-. 

Strietianettteeatiatendtasinstitias, dichloro-, 665. 

Bis-2-(5-phenylpyrrole)azamethin, and its salts, 1200. 

Bisquindolinoyl, 610. 

1:2-Bis-(2’-tetrahydropyrimidyl)ethane, and its toluene-p-sul- 
phonate, 501, 502. 

Bistoluene-p-sulphonyl-6- and -7-nitro-2-naphthylamines, 330. 

Bis(triphenylstibine) oxide dinitrate, 667. 

Boron trifluoride, catalysis of reactions with, 1237. 

Brassidic acid, glycerides of, 554. 

a-Brassidin, 558. 

British Anti-Lewisite. See Propanol, 2:3-dimercapto-. 

a solutions, reaction of, with tin, in organic solvents, 

36. 

Brucine, 78, 1554, 1557. 

neoBrucine, preparation of, and its derivatives, 78. 

Butane, 2:3-diamino-, and 2-nitro-3-amino-, and their hydro- 
chlorides, 1488. 

Butane-3-sulphonic acid, 2-amino-, and 2-nitro-, salts, 1484. 

ee ming 2-2-bromoamino-, propionyl derivative, 376. 

But-2-ene, 2-nitro-, 1477. 

physical properties of, 1105. 

Butenolides, properties of, 1157. 

But-1-en-3-yne-l-carboxylic acid, and its S-benzylisothiuron- 
ium salt, and methyl ester, 1589. 

p-tert.-Butoxyactylic acid, 1033. 

Butoxyamine hydrobromide, 968. 

3-n-Butoxy-n-butyl alcohol, 2-amino-, and 2-nitro-, 1477. 

Butoxydiguanide, nitrate, 966. 

2-n-Butoxyethylamine, and its picrolonate, 313. 

1-Butoxy-2-methylpropene, 1647. 

n-Butyl nitro-tert.-butyl sulphide, 1479. 
2-nitroethyl ether, 1476. 

tert.-Butyl n-amy] ether, nitro-, 1476. 

tert.-Butyl alcohol, nitro-, 1518. 

tert.-Butyl cyanide, amino-, and its derivatives, and nitro-, 

. 1502. 

5-(y-Butylaminopropylamino)-3:4:2’:3’=pyridoacridine, 
chloro-, 680. 

n-Butyl 3-bromo-3-nitroamyl et 1516. 

2-n-Butyldihydroglyoxaline, salts, 50 

isoButylene, dimerisation of, copper el anita 250. 
polymerisation of, by Friedel-Crafts catalysis, 252, 257. 

n-Butyl 3-ketoamyl sulphone, and its 2:4-dinitrophenylhydr- 
azone, 1516. 

isoButyl 3-nitro-3-p-bromophenylpropyl sulphone, 1517. 

p-n-Butylphenyl 2-nitroethyl sulphone, 1479. 

n-Butylphosphonic acid, diethyl ester, 1466. 

5-n-Butylsulphonyl-3-methyl-n-amyl cyanide, 3-nitro-, 1507. 

tert.-Butylthiol, nitro-, 1480. 

Butylundecylamine m-nitrobenzenesulphonate, 199. 

Butyl vinyl sulphones, 1515. 

isoButyramide, B-amino-, and its picrate, 1501. 

Butyric acid, derivatives of, 1697. 

2-n-Butyrylthionaphthen, 3-hydroxy-, 1576. 


2:8-di- 


Cc. 


Ceesium cupric trichloride, crystal structure of, 1662. 
Carbamic acid, chloro- and iodo-alkyl esters, 179. 
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p-Carbamidobenzamidine, salts, 392. 
$-Carbamidohexane, 1496. 
2-Carbamido-4-methoxybenzoic acid, 898. 
2-Carbamido-3-methylpentadecane, 1499. 
$-Carbamidophenyldimethylamine, and its methiodide, 185. 
4-Carbamidophenyltrimethylammonium iodide, 185. 
Carbazoles, 607. 

substituted, spectra of, infra-red, and structure, 978. 
p-Carbamylisobutaldehyde 2:4-dinitrophenylhydrazone, 1503. 
a -Carbamyldibenzylurea, a-cyano-, 1608. 
Carbazole, 3:6-dichloro-, synthesis of, 938. 
Carbazole series, Friedel_Crafte reaction in, 937. 
Carbazole-9-phthaloylic acid, 3:6-dichloro-, 939. 
Carbethoxyacet-(N-y-diethylaminopropyl)amide, 730. 
Se picrolonate, 


7-Carbethoxyamino-9-o0-aminophenyl-10-methylphenanthridin- 
ium chloride, and its 9-o-acety] derivative, 73. 
7-Carbethoxyamino-9-p-aminophenyl-10-methylphenanthridin- 
ium chloride, and its 9-p-acetyl derivative, 73. 
7Larbethoxyamino-9:10-dimethylphenanthridinium bromide, 71. 
4’-Carbethoxyaminodiphenyl, 2-amino-, 2-acetyl derivative, 70. 
2-amino-, and 2-nitro-, and 2-p-nitroamino-, benzoyl deriv- 
ative, 72. 
2-o-nitroamino-, benzoyl! derivative, 73. 
7-Carbethoxyamino-9-methylphenanthridine, 71. 
7-Carbethoxyamino-9-p-nitrophenyl-10-methylphenanthridin- 
ium salts, 72. 
7-Carbethoxyamino-9-0-nitrophenylphenanthridine, 
methosulphate, 73. 
7-Carbethoxyamino-9-p-nitrophenylphenanthridine, 72. 
9-p-Carbethoxyaminophenyl-10-methylphenanthridinium 
chloride, 7-amino-, 7-acetyl derivative, 73. 
2-Carbethoxy-4:5-benzindole, 543. 
a 5-amino-, and its derivatives, 
596. 
Oe ee 
i e, q 
0-Carbethoxyhomovanillic acid, 1694. 
0-Carbethoxyhomovanillin, and its derivatives, 1694. 
1-Carbethoxy-2-methylpropanesulphonic acid, 1-amino-, and its 
sodium salt, 1484. 
10-p-Carbethoxyphenyl-2-methylphenoxstibine, 8. 
p-Carbethoxyphenylstibinous chloride and iodide, 8. 
4-Carbethoxythiazole, 5-amino-, and its acetyl derivative, 1598. 
5-amino-2-mercapto-, 1607. 
Carbinols, reactions of, in presence of alkalis, 750, 753, 756. 
0-Carbobenzyloxyhomovanillin, 1695. 
Carbohydrates, from biologically-active materials, 582. 
oxidation of, by periodates, 1427. 
sulphuric esters of, 1675. 
Carbolines, 607. 
ee ae an 1613. 
Carbon atoms, saturated, substitution at, 558 
Carbon monoxide, reduction of oxides by hydrogen and, 1239. 
digelenide, preparation, properties, and chlorination pro- 
ducts of, 1080 
Carbonyl compounds, af-unsaturated, reduction of, by sodium 
butoxide, 851. 
or -- ene 


and its 


p-nitro-o-methoxyphenylhydrazone, 


2’: vi y ere 836. 
Carboxyalkylarsines, preparation of, 618. 
o-Carboxybenzaldehyde p-nitro-o-methoxyphenylhydrazone, 
lactone, 465. 
2’:4’-dinitrophenylh parmanam, OSS 
o-Carboxybenzo-2’:4’~dinitrophenylhydrazide, 837. 
4-Carboxy-2-benzylthiazole, 5-amino-, 1596. 
2’-Carboxydiphenyl sulphide, 2-amino-, lactam, and its sul- 
phone, 1234. 
5-chloro-2-amino-, and its lactam, 1234. 
2’-Carboxydiphenyl sulphide-3-sulphonic acid, 4-amino-, 1233. 
Carboxyethyl 2-nitroethyl sulphone, 1480. 
6-(2-Carboxyethyl)thionaphthindole, 658. 
2’-Carboxy-5-methoxydiphenyl sulphide, 2-amino-, and its 
derivatives, 1233. 
Carboxymethyl 2-aminoethy] sulphide, 1480. 
2-nitroethyl sulphide, 1480. 
®-Carboxy-5-methyldiphenyl sulphide, 2-amino-, and its lactam, 
and its sulphone, 1233. 
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Carboxymethyl 2-nitroethyl sulphone, 1480. 

2-(p-Carboxyphenyl-4-hydroxymethy] )-1:3-dithia-2-arsacyclo- 
pentane, and its brucine salt, 595. 

or nine eens and its resolution, 4, 


4-o-Garbonyphony!--methyithiasole, 1657. 
4-o-Carboxyphenylthiazole, 2-amino-, 1657. 
B-Carotene, oxidation of solutions of, by oxygen, 1. 
Carragheen, polysaccharides of, 1622. 
Catalysis, acid—base, in non-aqueous solvents, 24. 
Catalysts for reactions with aromatic hydrocarbons, 929. 
poisons for, detoxication of, 624. 
Catalytic iodination by acyl hypoiodites, 342. 
Catechol isopropyl ether, 104. 
Cell or Cells, electrochemical, for polarography, 1015. 
Cellulose, reactions of, 168. 
Centenary, lecture to commemorate, 1278. 
presidential address on occasion of, 1271. 
Chalkone, 4’-amino-, 4:4’-diamino-, and 4-nitro-4’-amino-, and 
their derivatives, 1419. 
Chaulmoogrovanillylamide, 615. 
Chemistry, century of, 1278. 
Chemotherapeutics, new, 726, 738, 943. 
Cherry gum, constitution of, 1055. 
methylated, hydrolysis of, 1055. 
diChloroamines, derivatives of, 530. 
Cholanic 3(B): 6(8)-dihydroxy-, 812. 
Chondrodendron tomentosum, alkaloids from, 936. 
Chromatograms of a single solute, 1302. 
Chromatography, theories of, 1302, 1308, 1315, 1321. 
Chromic manganous oxide. See under Chromium. 
Chromium thiosulphate, complex, 335. 
Chromic manganous oxide, heats of adsorption of gases on, 
1244, 


Cinnamic acid, ethyl ester, bromine and chlorine addition to, 
catalysed by iodine, 1168. 

w-Cinnamylideneacetophenone, p-amino-, 1420. 

Cinnoline, 4:6:7- and 4:7:8-trichloro-, 6:7-dichloro-4-hydroxy-, 
and its 4-acetyl derivative, and 7:8-dichloro-4-hydroxy-, 
231. 

6-chloro-4-amino-, methiodide, 1655. 
7-chloro-4-hydroxy-, 6:7-dichloro-4-hydroxy-, 7:8-dichloro- 
4-hydroxy-, and 7-chloro-8-nitro-4-hydroxy-, 236. 
8-nitro-4-hydroxy-, 237. 
Cinnolines, 227, 232, 237, 808, 917, 1649, 1653. 
4-substituted, alkaline decomposition of quaternary salts 
of, 1653. 
Citrylidenecrotonaldehyde 
1390. 


Clavatol, structure of, and its derivatives, 611. 
Cohen Memorial Lecture, 1700. 
Colchicine, and its derivatives, 746. 
Colloid science, egg of surface chemistry in, 1422. 
Compounds, complex, van der Waals’, stereo-effects and, 130. 
molecular, structure of, 208. 
Constitution, chemical, effect of, on toxicity, 176, 182, 191. 
Copeene, constitution of, 1338. 
Copper, kinetics of reaction of, with iodine, in various solvents, 
1119. 
Cupric atoms, stereochemistry of, 1670. 
chloride, crystal structure of, 1670. 
per vend - Sey 6(8)-hydroxy-, acetyl derivative, 814. 
Coprostan-6(8)-ol-3-one semicarbazone, 814. 
Coumalic acid, esters, 1178. 
Crystals, ionic, atomic scattering factors in, 1455. 
Crystal structure of dicarboxylic acids, 1145. 
Cupric chloride. — under Copper. 
Curare alkaloids, 936 
tsoCyanic acid. See under Cyanogen. 
Cyanides. See under Cyanogen. 
Cyanine dyes, trinuclear, 1434. 
Cyanogen :— 
Hydrocyanic acid, w-aminoalkyl esters, 1369. 
Cyanides, preparation of amidines from, 1110. 
Saale aendlion of, with nitro-paraffins, 1505. 
isoCyanic acid, 4-methoxybenzy] ester, 186. 
Cyanomaclurin, synthesis of, 1683. 
p-Cycloyipropionitriles, 1190, 1196. 
Cytidine, synthesis of, 1052. 
Cytidine sulphate, 1054. 


2:4-dinitrophenylsemicarbazone, 
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D. 


Deca-2:8-dien-4:6-diyne-1:10-diol, and its dibenzoate, 1589. 

Deca-4:6-diyne-2:9-diol, and its bis-3:5-dinitrobenzoate, 1582. 

Decalinsulphonic acid, benzyl--thiouronate, 542. 

1:10-Decamethylenedioxydiamine dihydrochloride, 967. 

1:10-Decamethylenedioxydiguanidine dinitrate, 968. 

1:10-Decamethylenedioxydiurethane, 967. 

Decan-5-one oxime, 1496. 

Decoamidine hydrochloride, 741. 

n-Decyl cyanide, 10-amino-, and its derivatives and 10-bromo-, 
1370, 1371. 

Dehydrogenation with selenium dioxide, 764. 

‘** B’-Dehydrohyodeoxycholic acid, 814. 

Density of liquids, relation of, to vapour pressure and viscosity, 
822. 

3-Deoxy-f-methyl-/-xylopyranoside, 971. 

Deoxypentose nucleic acid, thymus, and its sodium salt, 1129, 
1131, 1141. 

Deoxypentose nucleic acids, 1129, 1131, 1141. 

3-Deoxy-/-xylose, and its p-nitrophenylosazone, 969. 

a- and B-Diacetone fructoses, 1463. 

Diacetone glucose, 3-chloro-, 16. 

2:5-Diacetylacetanilide, 1633. 

3:4-Diacetyl 1:6-anhydro f-altrose, 2-chloro-, 15. 

1:6-Diacetyl-2:3-dimethylindole, nitro-, 1634. 

1:6-Diacetyl-2:3-dimethylindoline, 3-nitro-2-hydroxy-, 1634. 

Diacetylenedicarboxylic acid, dihydrate, cry stal and molecular 
structure of, 1145. 

Diacetylenic glycols, conjugated, preparation of, 1579. 

ON-Diacetylindoxyl, 5-bromo-, and 5-nitro-, 609, 611. 

7:9-Diacetyl-6-methyltetrahydrocarbazole, 939. 

ag 4 -Diacetylpenta-2’:4’-dienylidene)-1:4-dihydropyridine, 

7:9-Diacetyltetrahydrocarbazole, 6-bromo-, 
hydroxy-, and 6-chloro-, 939. 

Dialkyl phosphites, reaction of, with polyhalogen compounds 
in presence of bases, 674 

N-Dialkylaminoalkylamidines, 160. 

3-Dialkylaminoalkylaminodiphenylamines, 910. 

Dialkylaminoalkylaminodiphenylguanidines, 914. 

4-Dialkylaminoalkylaminoquinazolines, 890. 

Dialkylpyrimidines, effect of substitution in derivatives of, 41. 

2:5-Dialkyl 1:4-3:6-dianhydrosorbitol, 1406. 

Diallylethylenediamine hydrochloride, 314. 

Diamidines, chemotherapeutic, benzylamine analogues of, 1452. 

§:5’-Diamidinodifurfuryl ether, and its dipicrate, 397. 

5:5’-Dia midino-2:2’-difurylethane dihydrochloride and its di- 
hydrate, 398. 

ee dihydrochloride, 
692. 

trans-4:4’-Diamidino-2-methylstilbene dihydrochloride, 691. 

Ditsoamyl dihydromyrcene disulphide, 40 

NN’-Di-n-amylbenzamidine, and its picrate, 388, 

1:4-3:6-Dianhydro-d- and -/-iditols, and their derivatives, 1403. 

1:4-3:6-Dianhydromannitol, alkenyl ethers, 1405. 
from sucrose, 433. 

1:4-3:6-Dianhydrosorbitol, alkenyl ethers, 1405. 
from sucrose, 433. 

2:4-Dianilino-3-ethylquinoline, 2:4-di-p-chloro-, 909. 

2:4-Dianilino-3-methylquinoline, 2:4-di-p-chloro-, 908. 

4:6-Dianilino-1:3:5-triazine, 2-amino-4:6-di-p-chloro-, and 2- 
chloro-4:6-di-p-chloro-, 159. 

2:4-Di-p-anisidino-6-ethoxy-1:3:5-triazine, hydrochloride, 160. 

4:6-Di-p-anisidino-1:3:5-triazine, 2-amino-, and its hydro- 
chloride, and 2-chloro-, 159. 

2: 2-Di-~p-anisyl-3-methylphenanthro-9’:10' -1:4-dioxen, 999. 

1:1-Di-p-anisylpropylene, reaction of, with phenanthraquinone, 
999. 


6-bromo-10:11-di- 


Di-o-anisylstibinous chloride, 1569. 
1:3-Diaza-acridine, derivative of, 726. 

1:3-Diaza-acridine, 2-amino-4- hydroxy., and its hydrochloride, 

and 2:4-dihydroxy-, 733. 

8-nitro-2: adie 734. 

Diazo-compounds, aliphatic, formation of, from 5- hydroxy- 
1:2:3-triazole-4-carboxylic esters, 1384. 
Diazocyanides, aromatic, isomeric, diamagnetic susceptibilities 
and magnetic optical rotatory power of, 457. 
isomeric, Hantzsch’s, structure of, 445 
-red spectra and molecular structure of, 453. 
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Diazomethane, and its derivatives, 1045. 
reaction of, with phenanthraquinoneimine, 651. 

Diazonium groups, replacement of, by nitro-groups, 127, 1392. 

Diazo tes, reaction of, derived from f- naphthol. 1. 
sulphonic acid, 829. 

1:2: a :6-Dibenzanthracene, orthorhombic, crystal structure of, 
1001 





1:5-Dibenzenesulphonamidonaphthalene, 
1:5-di-m-nitro-, 81. 
3:4:5:6-Dibenzcyclohepta-3:5-dien-2-one, and its 2:4-dinitro- 
phenylhydrazone, 749. 
3:4:5:6-Dibenzcyclohepta-1:3:5-trien-7-one, and its 2:4-dinitro- 
phenylhydrazone, 749. 
1:2:7:8-Dibenzocarbazole, 3:6-diamino-, dihydrochloride, 3:6- 
dichloro-, and 3:6-dinitro-, 77, 78. 
NN -Dibenzoyl-1:2-bistoluene-p-sulphonamidoethane, 504. 
4-(3’:5’-Dibenzoyl-1’-methylpenta-2’:4’-dienylidene)-1:4- 
dihydropyridine, 1629. 
4-(3’:5’-Dibenzoylpenta-2’:4’-dienylidene)-1:4-dihydropyridine, 
and 3’:5’-di-o-chloro-, 1629. 
Dibenzylchlorosilane, 1593. 
3:4:5:6-Dibenzylcyclohepta-3:5-diene, l-amino-, and its hydro- 
chloride, and cts-1:2-dihydroxy-, 748. 
3:4:5:6-Dibenzylcyclohepta-1:3:5-triene, and its dibromide, 746. 
Diborane, structure of, 89. 
Di-tert.-butyl sulphide, dinitro-, 1480. 
3:4-Di-tert.-butylacenaphthene, amino-, bromo-, and_nitro- 
derivatives, 742. 
2-amino-, and its derivatives, 2-nitro-, and 2:7-dinitro-, 744. 
2-bromo-, and 2:x-dibromo-, 745. 
3:4-Di-tert.-butylacenaphthenequinone, 2-bromo-, 745. 
2-y-Di-n-butylaminopropylamino-4-p-chlorophenylthio-6- 
methylpyrimidine, and its dipicrate, 788. 
2-y-Di-x-butylaminopropylamino-5:6-dimethylpyrimidine, 4 
amino-, and 4-chloro-, and their dipicrates, 48. 
4- y-Di-n-butylaminopropylamino-2:6-dimethylpyrimidine, 5- 
amino-, 50. 
2-y-Di-n-butylaminopropylamino-4-hydroxy-5:6-dimethyl- 
pyrimidine, and its dipicrate, 48 
2-y-Di-n-butylaminopropylamino-4-p-methoxyphenylthio-6- 
methylpyrimidine, and its dipicrate, 788 
Di-n-butyldiallyltin, 1450. 
Di-n-butyldichlorotin, 1450. 
Dibutylethylenediamines, hydrochlorides, 314. 
4:5-Di-iert.-butylnaphthalic anhydride, and its derivatives, 744. 
4:5-Di-tert.-butylnaphthalic anhydride, 3-bromo-, 745. 
4:5-Di-iert.-butylnaphthalimide, 3-bromo-, 746. 
3-nitro-, 745. 
4:5-Di-tert.-butylnaphthal-N-methylimide, 3-bromo-, 746. 
3-nitro-, 745. 
2: 5-Di-sec. -butylpyrazine, and its chloroplatinate, 376. 
di-N-oxide, 1184. 
3:6-Di-sec.-butylpyrazine, 2-amino-, and 2-hydroxy-, and their 
salts and derivatives, 376. 
2-chloro-, 2:5-dichloro-, 2-chloro-5-hydroxy-, and 2-hydroxy-, 
1182. 
' 2-hydroxy-, synthesis of, from isoleucine, 1179. 
Dibutyl sulphone,3-amino-,and its derivatives,and 3-nitro-,1516. 
Di-tert.-butyl sulphone, dinitro-, 1481. 
m-Di-(tert.-butylsulphonyl)benzene, m-dinitro-, 1479. 
1:5-Di-(n-butylsulphonyl)-3-ethylpentane, 3-nitro-, 1516. 
1:5-Di-(-butylsulphonyl)-3-methylpentane, 3-amino-, and 3- 
nitro-, 1515. 
3’:4’-Di-tert.-butyl-1:7’-thionaphthenacenaphthenylindigo, 
2’(or 5’)-bromo-, 746. 
2:7-Dicarbethoxyamino-9:10-dimethylphenanthridinium metho- 
sulphate, 72. 
4:4’-Dicarbethoxyaminodiphenyl, 2-amino-, and its 2-acetyl 
derivative, 71. 
2:7-Dicarbethoxyamino-9-methylphenanthridine, 71. 
or 4 gana relearn 
salts, 71. 
2:7 - Dicarbethoxyamino - 9 - phenylphenanthridine, 
benzoyl derivative, 71. 
or’ .etrrnenen 1:1:1-trichloro-, 


2:4:6:8-tetranitro- 


and its 


2: <I 
chloro-, 848. 

2:2-Di-(4-«-carboxymethoxyphenyl)ethane, 
and its diethyl ester, 848. 


1:1:1-tri- 
1:1:1-trichloro-, 
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Di-n-decylamine, hydrochloride, 200. 
aa’-Dielaidin, 538. 
3:7-Diethoxyacridine, 2:8-diamino-, 248. 
Di-(2-ethoxyethyl)amine, and its picrolonate, 313. 
Di-(2-ethoxyethyl)aniline, 311. 
Di-(2-ethoxyethyl)carbamy! chloride, 313. 
Di(ethoxyethyl)ethylenediamine hydrochloride, 314. 
NN’-Di-(2-ethoxyethyl )ethylenediamine-N-carboxydimethyl- 
amide-N’-carboxypiperidide, 318. 
NN’-Di-(2-ethoxyethyl)ethylenediamine-N-carboxy(ethyl-2- 
ethoxyethyl)amide-N ’-carboxypiperidide, 318. 
Di(ethoxyethyl )hexamethylenediamine hydrochloride, 314. 
aB-Diethoxypropionic acid, methyl ester, 1032. 
Diethyl sulphide, 2:2’-dichloro-, diethyldithiocarbamato- 
derivatives, 849. 
thermal decomposition of, 318. 
di-2-nitro-, 1480. 
tetrasulphide, 1530. 
1-Diethylamino-6-acetoxyhept-4-en-2-yne, 1579. 
1-Diethylamino-4-acetoxyhept-2-yne, and its oxalate, 1579. 
1-Diethylamino-1’-acetoxy-3-cyclohexylprop-2-yne, and 
picrate, 1579. 
8-Diethylaminobutane, 2-nitro-, and its picrolonate, 1488. 
4-Diethylamino-2-butyl alcohol, esters, 166. 
4-Diethylamino-o-cresol, and its derivatives, 188, 189. 
Diethylaminoethyl benzilate, 60. 
N-2-Diethylaminoethyl-p-amidinophenyl methyl sulphone, and 
its salts, 505. 
N-Diethylaminoethyl-p-aminobenzamidine, 163. 
3-8-Diethylaminoethylaminobenzene, 1-nitro-, and its salts, 
915. 


4-8-Diethylaminoethylaminobenzene, 1-nitro-, salts, 916. 

2-8-Diethylaminoethylamino-5-benzeneazo-4:6-dimethyl- 
pyrimidine, 51. 

2-8-Diethylaminoethylamino-4-p-chlorophenylthio-6-methyl- 
pyrimidine, 788. 

ey aa eae 
pyrimidine, 7 

s- Diethylaminoethylamino-4:b-dimethyldiphenylamine, 4’. 
chloro-, and its di-p-toluenesulphonate, 913. 

2-8-Diethylaminoethylamino-4:6-dimethylpyrimidine, 5-amino-, 
and its dipicrate, 51. 

2-8-Diethylaminoethylamino-5:6-dimethylpyrimidine,4-amino-, 
and 4-chloro-, 48. 

4-6 Diethylaminoethylamino-f:6-dimethyipyrimidine, 5-amino-, 


5-6-Dlethylaminectinylamine-4:6-dimethyigyrimidiae, 
2-amino-, and its dipicrate, 51. 

6-8-Diethylaminoethylamino-2: 5-dimethylpyrimidine,4-chloro-, 
and its derivatives, 1358. 

2--Diethylaminoethylamino-4-hydroxy-5: 6-dimethyl- 
pyrimidine, 48. 

4-8-Diethylaminoethylamino-2-hydroxy-6-methylpyrimidine, 
and its salts, 786. 

4-8-Diethylaminoethylamino-6-hydroxy-2-methylpyrimidine 
ydrochloride, 1356. 

otras inunceredtl 
a 

ea 
pyri 

Se een 

pyri 

ua eenenatal trae teia a 
D 

at - nceeeeccenire mee 2-chloro-, 


its 


tp Diethylaminoethylamino-5-methyipyrimidine, 2-amino-, 
2: 47. 
4-f-Diethylaminoethylamino-6-methyipyrimidine, 5-bromo-2- 
amino-, 46. 
2-chloro-, and its dipicrate, 787. 
6-8-Diethylaminoethylamino-2-methylpyrimidine,  4-chloro-, 
and its dipicrate, 1356. 
6-8-Diethylaminoethylamino-5-methylpyrimidine, 4-chloro-2- 


amino-, 47. 
4-8-Diethy’ laminoethylamino-£-methyithio-6-methylpyrimidine, 
and its salts, 786. 
2-(2- Diethylaminoethylamino) - p - phenanthroline hydro- 
bromide, 1661. 
5s 
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2-amino-, 


errs 


A Ne wc Ta 909. 
4-8-Diethylaminoethylaminopyrimidine, 2:6-diamino-, and its 
dipicrate, 46. 
4-8-Diethylaminoethylaminoquinazoline, 2-amino-, 898. 
4-8-Diethylaminoethylaminoquinoline, 2-amino-, 909. 
2-chloro-, 904. 
8-8-Diethylaminoethylamino-o-xylene, 5-amino-, and 5-nitro- 
and their derivatives, 912. 
N-2-Diethylaminoethylbenzamidine, and its salts, 505. 
N-Diethylaminoethyl-6-bromo-2-naphthamidine, 163. 
N-Diethylaminoethyl-p-chlorobenzamidine, 163. 
B-Diethylaminoethylguanidine hydriodide, 51. 
sy eects seca acid, ethyl 
ester, L 
N-Diethylaminoethyl-p-hydroxybenzamidine, 163. 
N-Diethylaminoethyl-6-hydroxy-2-naphthamidine, 163. 
N-Diethylaminoethylmethoxybenzamidines, 163. 
N-Diethylaminoethyl-6-methoxy-2-naphthamidine, 163. 
N-f-Diethylaminoethylphenylenediamines, 916. 
N-Diethylaminoethyl-6-quinamidine, 163. 
9-8-Diethylaminoethyl-2:6:8-trimethylpurine, and its flavian- 
ate, 51. 
1-Diethylaminohept-4-en-2-yn-6-ol, and its picrate, 1579. 
1-Diethylaminohept-2-yne, and its picrate, 1579. 
2-Diethylaminocyclohexanol, esters, and their derivatives, 167. 
re and its a-naphthylurethane, 
1579. 
1-Diethylaminohex-2-yn-5-ol, and its picrate, 1579. 
4-8-Diethylamino-2-hydroxyquinoline, 904 
8-Diethylamino-3-methylacridine, 2-amino-, 249. 
2-3-Diethylamino-a-methylbutylamino-4-p-chlorophenoxy-6- 
methylpyrimidine, 789. 
4-5-Diethylamino-a-methylbutylamino-2-p-chlorophenoxy-6- 
methylpyrimidine, 788. 
2-5-Diethylamino-a-methylbutylamino-4-p-chlorophenylthio-6- 
methylpyrimidine, 788. 
4-5-Diethylamino-a-methylbutylamino-2-p-chlorophenylthio-6- 
methylpyrimidine, 788. 
4-5-Diethylamino-a-methyibutylamino-6-p-chlorophenylthio-2- 
methylpyrimidine, 789. 
3-(5-Diethylamino-a-methyl-n-butylamino)-4:5-dimethyldi- 
phenylamine, 4’-chloro-, 913. 
6-5-Diethylamino-a-methylbutylamino-2:5-dimethylpyrimidine, 
4-chloro-, 1358. 
4-5-Diethylamino-a-methylbutylamino-6-hydroxy-2:5-dimethyl- 
pyrimidine, dipicrate, 1358. 
4-3-Diethylamino-a-methylbutylamino-2-hydroxy-6-methyl- 
pyrimidine, and its dipicrate, 787. 
3-3-Diethylamino-a-methyl-n-butylamino-4’-methoxy-4:5-di- 
methyldiphenylamine, 914. 
2-5-Diethylamino-a-methylbutylamino-4-p-methoxyphenylthio- 
6-methylpyrimidine, 788. 
4-5-Diethylamino-a-methylbutylamino-6-methoxyquinaldine, 
and its dihydrobromide, 1553. 
4-8-Diethylamino-a-methylbutylamino-6-methylpyrimidine, 
2-amino-, and its dipicrate, 790. 
2-chloro-, 788. 
6-5-Diethylamino-a-methylbutylamino-2-methylpyrimidine, 
4-chloro-, and its dipicrate, 1357. 
4-5-Diethylamino-a-methylbutylamino-2-methylthio-6-methyl- 
pyrimidine, 787. 
2-(4-Diethylamino-1-methylbutylamino)-p-phenanthroline 
tris-3:5-dinitrobenzoate, 1661. 
at patentee emcees line, 
98. 
Oe ee ae 
12. 
N-83-Diethylamino-a-methyl-n-butylphenylenediamines, 916. 
9-y-Diethylamino-a-methyl-n-butyl-2:6:8-trimethylpurine, 51. 
a-Diethylamino-n-pentan-5-one diethyl ketal, 912. 
8-Diethylaminophenol, urethanes of, and their methiodides, 
189. 
1-Diethylaminopropane, 2-amino-, and 2-nitro-, 1513. 
y-Diethylaminopropylamine, and its salts, 947. 
4-y-Diethylaminopropylamino-5-p-chlorobenzeneaz0-2:6-di- 
hydroxypyrimidine, and its salts, 731. 
2-y-Diethylaminopropylamino-4-p-chlorophenylthio-6-methyl- 
pyrimidine, 788. 


2-chloro-, 


5-amino-, 
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4-y-Diethylaminopropylamino-2-p-chlorophenylthio-6-methyl- 
pyrimidine, 788. 
4-y-Diethylaminopropylamino-6-p-chlorophenylthio-2-methyl- 
pyrimidine, " 
4-y-Diethylaminopropylamino-2:6-dibenzyloxy-5-methyl- 
pyrimidine, and its tripicrate, 731. 
4-y-Diethylaminopropylamino-2:6-dibenzyloxypyrimidine, and 
its dipicrate, 731. 
2-y-Diethylaminopropylamino-5:6-dimethylpyrimidine, 
4-amino-, and its bis-3:5-dinitrobenzoate, 48. 
a Poy eaten 
-amino-, 50. 
4-y-Diethylaminopropylamino-2:6-dimethylpyrimidine, 
5-amino-, 5-acetyl derivative, and its flavianate, 50. 
4-y-Diethylaminopropylamino-3-ethylquinoline, 2-chloro-, and 
its picrate, 909. 
2-y-Diethylaminopropylamino-4-hydroxy-1:3-diaza-acridine, 
and its salts, 734. 
at a tee 


4-y-Diethylaminopropylamino-6-hydroxy-2-methyl-5-ethyl- 
pyrimidine, and its salts, 1360. 
4-y-Diethylaminopropylamino-2-hydroxy-6-methylpyrimidine, 
and its dihydrochloride, 787. 
4-y-Diethylaminopropylamino-6-hydroxy-2-methylpyrimidine 
hydrochloride, 1356. 
4-y-Diethylaminopropylamino-2:6-dihydroxy-5-methylpyrimid- 
ine, and its salts, 731. 
4--Diethylaminopropylamino-£-hydroxy-2-methylquinoline, 


2-y-Diethylaminopropylamino-4:6-dihydroxypyrimidine, and its 
picrolonate, 730. 

at” \eceeteematete a 6-chloro-, 

4-y-Diethylaminopropylamino-2:6-dihydroxypyrimidine, and 
its salts, 731. 

4-y-Diethylaminopropylamino-2-hydroxyquinoline, 903. 

Ce 7-chloro-, 


2-y-Diethylaminopropylamino-4-p-methoxyphenoxy-6-methyl- 
pyrimidine, and its dipicrate, 789. 
2-y-Diethylaminopropylamino-4-p-methoxyphenylthio-6- 
methylpyrimidine, 788. 
4-y-Diethylaminopropylamino-2-p-methoxyphenylthio-6- 
methylpyrimidine, 788. 
4-y-Diethylaminopropylamino-6-methoxyquinaldine dihydro- 
chloride, 1553. 
6-y-Diethylaminopropylamino-2-methyl-5-ethylpyrimidine, 
4-chloro-, and its dipicrate, 1360. 
4-y-Diethylaminopropylamino-5-methylpyrimidine, and its bis- 
3:5-dinitrobenzoate, 47. 
aid "nent eee 


2: 6 dichloro-, and its salts, 731. 
4~y-Diethylaminopropylamino-6-methylpyrimidine, 5-bromo-2- 
amino-, 46. 
2-chloro-, 787. 
6-y-Diethylaminopropylamino-2-methylpyrimidine, 
and its dipicrate, 1357. 
eee 4-chloro-2- 
amino- 
a” eee emanate 


6-y-Diethylaminopropylamino-8-methylthio-2-methylpurine, 
and its salts, 947. 

4-y-Diethylaminopropylamino-2-methylthio-6-methylpyrimid- 
ine, and its dipicrate, 787. 

at,” - ene acne tates hydrobrom- 
ide, 1 

at ~ ener teen e ete: 2-amino-, 


5-(y-Diethylaminopropylamino)-3:4:2’:3’-pyridoacridine, 
2-chloro-, and 2:8-dichloro-, 680 
4-y-Diethylaminopropylaminopyrimidine, 
its dipicrate, 47. 
2:6-dichloro-, and its salts, 730. 
4-y-Diethylaminopropylaminoquinoline, and 2-chloro-, and 
their picrates, 904. 
4-y-Diethylaminopropylaminoquinoline, 2-amino-, 909. 
2:7-dichloro-, and its dipicrate, 906. 


2-amino-, 


4-chloro-, 


2-chloro-, 


2:6-diamino-, and 
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9-y-Diethylaminopropyl-2:6:8-trimethylpurine, and 
picrate, 51. 

4-Diethylaminotoluene, 2-amino-, acetyl derivative, 187. 

Diethylammonium chloride, 2:2’-dihydroxy-, 2:2’-diacety] 
derivative, 530. 

Diethylaniline, di-2-nitro-, and its hydrochloride, 1488. 

NN-Diethylbenzamidine, and its salts, 1113. 

NN’-Diethylbenzamidine, and its picrate, 385. 

1:4-Diethylbenzene, 2-amino-, and its acetyl derivatives, 1633. 

aa-Diethyl-a-n-butylacetamidine, and its picrate, 741. 

aa-Diethyl-a-n-butylacet-N-sec.-octylamidine, 741. 

aa-Diethyl-a-n-butylacetonitrile, 741. 
8:4-Diethylcarbonatobenzaldehyde, and its 2:4-dinitropheny)- 
hydrazone, 660. 

oo :4-Diethylcarbonatophenyl)-N-methylserine, derivatives of, 


B-(3:4-Diethylcarbonatophenyl)serine, ethyl ester, picrate, 660. 
Diethylchlorosilane, 1593. 
Diethyldiallyltin, 1450. 
NN’-Diethyl-N N’-di-(2-chloroethyl)piperazinium salts, 517. 
NN’-Diethyl-N N’-di-(2-methoxyethyl)piperazinium salts, 529. 
Diethyldimethoxysilane, 1594. 
NN’-Diethyl-N N’-di-n-propylpiperazinium salts, NN’-di-2- 
chloro-, 518. 
5: 5-Diethyl-2: 4-dithiohydantoin, 683. 
ee ’-biscarboxydiethylamide, 
5. 
Diethylhexamethylenediamine hydrochloride, 314. 
1:3-Diethyliminazolid-2-one, 315. 
Diethyl-2-methoxyethylamine, di-2-chloro-, and its salts, 529. 
eee 1113. 
and its salts, 1116 
Diethyl-2-nitroethylamine, and its salts, 1488. 
Diethylpropylamines, di-2-chloro-, and their derivatives, 516. 
Diethyl sulphone, di-2-nitro-, 1480. 
Diethyltetrachlorodisiloxane, 1591. 
Di-(5-ethyltetradec-4-en-6-yl) ether, 758. 
Diethyltrimethylenediamine, hydrochloride, 314. 
NN-Diethyl-n-valeramidine picrate, 395. 
Ditsoeugenol, structure of, 948. 
> ether, 5:5’-dicyano-, 397. 
5:5’-diiminoether dihydrochloride, 397. 
N:w-Difurturylidene-p-aminoacetophenone, 1420. 
2:2’-Difurylethane, 5:5’-diiminoether, and ite dihydro- 
chloride, 398. 
2:2’-Difurylethane, 5:5’-dicyano-, 398. 
Diglycylethylenediamine, 129. 
8:3’-Dicyclohexenyl sulphide, 1529. 
Dicyclohexyl sulphide methiodide, 1537. 
tetra- and hexa-sulphides, 1549. 
aa-Di-n-hexylacetamidine, and its picrate, 741. 
Di-n-hexylacetonitrile, 741. 
Di-n-hexylamine, m-nitrobenzenesulphonate, 199. 
Dicyclohexylbutadiyne, di-1- —, 1582. 
Dicyclohexylethylenediamine hydrochloride, 314. 
2:3-Dihydroanisole, 1646. 
Dihydroanthracenes, dihydroxy-, configuration of, 801. 
1:2-Dihydroanthracene-1:2-diols, 804. 
5:10-Dihydrodiacridyl] 5:5’-ether, 3:7:3’:7’-tetrachloro-2:8’:2’:8’- 
tetraamino-, 249. 
Dihydroeugenolsulphonic acids, and their derivatives, 125. 
4:5-Dihydroglyoxalines, 2-substituted, preparation of, 497. 
Dihydroguaiaretic acid, diacetyl derivative, 950. 
Dihydromyrcene methiodide and disulphide, 1537. 
sulphide, and its methiodide, 1528. 
Dihydromyrcenebis(thioglycollic acid), 39. 
Dihydromyrceneglycollic sulphone, 39. 
Dihydromyrcenethioglycollic acid, 39. 
Dihydromyrcenethiol, 139. 
2-(2’ 2 tcl )-2-a-naphthyl-f-naphtho- 


pyran, 848. 

2-(2’:3’-Dihydro-f-naphthofuran-2’ )-2-a-naphthyl-2’:3-tri- 
methylene-f-naphthopyran, 848. 

“= 2’:3’-Dihydro-8-naphthofuran-2’ )-2-phenyl-f-naphthopyran, 


a8 3’- Dihydro-8-naphthofuran-2’ )-2-phenyl-2’:3-tri- 
methylene-f-naphthopyran, 848. 
he 2’:3’-Dihydro-f-naphthofuran-2’)-2-p-tolyl-8-naphthopyran, 


its di- 


Dinydro-o-niguiine, synthesis of, 222. 















33. 











in, 












Dihydropenicillic acid, 805. 

Dihydro-f-quinindene, amino-derivatives, 634. 

2:3-Dihydro-f-quinindene, 12-amino-, and its derivatives, 635. 
9:12-dichloro-, and 9-chloro-12-amino-, 636. 
9-chloro-12-hydroxy-, 1037. 

2:5-Dihydroquinol dimethyl ether, 105. 

Dihy tonin, bromo-lactone, 1166. 

2:5-Dihydrotoluene, and its derivatives, 1647. 

5:6-Dihydro-m-tolyl methy] ether, 1646. 

2:3-Dihydro-p-tolyl methyl ether, 1646. 

$:6-Dihydroveratrole, 105. 

Di-isoprenes, reaction of, with hydrogen sulphide, 1532. 

2:5-Diketo-3-(4’-aminophenyl)isoindolinopyrazolidocoline, and 
its acetyl derivative, 471. 

2:5-Diketo-3-(2’-bromo-4’-nitropheny])isoindolinopyrazolido- 
coline, 473. 

2:5-Diketo-3-(2’:6’-dibromo-4’-nitrophenyl)isoindolinopyr- 
azolidocoline, 473. 

2:5-Diketo-3-(2’-chloro-4’-aminophenyl)isoindolinopyrazolido- 
coline, and its acetyl derivative, 472. 

wr et 2’-chloro-4’-nitrophenyl)isoindolinopyrazolido- 
coline, 471. 

2:5-Diketo-3-(2’:6’-dichloro-4’-nitrophenyl)isoindolinopyrazoli- 
docoline, 472. 

eae nD ya 

2:9-Diketo-4-methyl-5-8-diethylaminoethyl-6:7-benzo- 
bicyclo[3:3:1]nonane, 400. 

2:5-Diketo-3-(2’-nitro-4’-aminophenyl)isoindolinopyrazolido- 
coline, and its acetyl derivative, 832. 

2: Ee 
coline, 465. 

2:5-Diketo-3-(4’-nitropheny!)isoindolinopyrazolidocoline, 470. 

2: ee :4’-dinitrophenyl)isoindolinopyrazolidocoline, 

1:4-Diketo-3-(2’:4’-dinitrophenyl)tetrahydrophthalazine, 837. 

2:5-Diketo-3-(4’-nitro-2’-tolyl)isoindolinopyrazolidocoline, 473. 

Diketophenyl-a- and -8-naphthylethanes, 60. 

Diketopiperazines, conversion of, into pyrazine derivatives, 
1179. 

2:5-Dimethallyl 1:4-3:6-dianhydrosorbitol, 1407. 

3:7-Dimethoxyacridine, 2:8-diamino-, 248 

1’:5-Dimethoxy-3:4-benzfluorenone, 226. 

ee acid, methyl 
ester, : 

2:2’-Dimethoxybenzilic acid, and 5:5’-dibromo-, 953. 

4-(3’:5’-Di-m-methoxybenzoylpenta-2’:4’-dienylidene)-1:4- 
dihydropyridine, 1629. 

B-8:4-Dimethoxybenzoylpropionitrile, 1194. 

Di(methoxyethyl)ethylenediamine hydrochloride, 314. 

Dimethoxy-2-methyltetrahydroisoquinolines, 193. 

1:5-Dimethoxynaphthalene, nitration of, 350. 

1:5-Dimethoxynaphthalene, 4-mono- and 4:8-di-amino-, and 

their acetyl derivatives, 4-bromo-, 8-nitro-4-amino-, and its 
4-acetyl derivative, 354 

di- and tri-nitro-derivatives, 352. 

1:5-Dimethoxynaphthaleneazo-f-naphthol, and 8-nitro-, 354. 

oe :4’-dinitrophenyl)-3:4-dihydrophthalazine, 


2:3-Dimethoxyphenanthrene, 1697. 
Pe eas acid, ethyl ester, 1698. 
y-Di-p-methoxyphenylbutyric acid, B-hydroxy-, 1698. 
$-(3’:4’-Dimethoxyphenyl)dihydroglyoxaiine, and its salts, 500. 
wr cay el phenyl-4-methylene-3:4-dihydrophthalazine, 
’-nitro-, x 
1:2’-Dimethoxy-3-phenyl-4-methylphthalazinium perchlorate, 
4’-nitro-, 467. 
2’:5-Dimethoxy-1-phenylnaphthalene, 226. ; 
2’:5-Dimethoxy-1-phenylnaphthalenecarboxylic acid, and its 
methyl ester, 226. 
2; ig rane lg ee a an eg ag acid, 226. 
2’:5 - Dimethoxy - 1 - phenylnaphthalene-2:3- dicarboxylic an- 
hydride, 226. 
1:2’-Dimethoxy-3-phenyl-4-(2”:4’’-dinitrobenzylidene)-3:4- 
dihydrophthalazine, 4’-nitro-, 467. 
1:2’-Dimethoxy-3-phenylphthalazinium perchlorate, 4’-nitro-, 
465. 
B-8:4-Dimethoxyphenylisopropyl alcohol, 127. 
Dimethoxy-n-propylbenzenesulphonic acids. See Methyldi- 
hydroeugenolsulphonic acids. 
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Dimethoxystilbenes, bromination of, 1450. 
2:2’-Dimethoxystilbene, 5-mono- and 5:5-di-bromo-, and their 
dibromides, 1451. 
5:5’-Dimethoxystilbene, 2:2’-dibromo-, and its dibromide, 1452. 
7:8-Dimethoxy-1:2:3:4-tetrahydroacridone, 1037. 
6:7-Dimethoxy-1-veratryl-2-methyl-1:2-dihydronaphthalene-3- 
carboxylic acid, 951. 
5:6-Dimethoxy-3-veratryl-2-methyl-l-ethylhydrindene, 951. 
5:6-Dimethoxy-3-veratryl-2-methyl-1l-ethylindene, 951. 
5:6-Dimethoxy-3-veratryl-2-methylhydrindene, 951. 
ence mmennees and its oxime, 
5:6-Dimethoxy-3-veratryl-2-methyl-l-indone, 951. 
6:7-Dimethoxy-1-veratryl-2-methyl-1:2:3:4-tetrahydro- 
naphthalene-3-carboxylic acid, 950. 
6:7-Dimethoxy-1-veratryl-1:2:3:4-tetrahydronaphthalene, 951. 
Dimethyl ether. See Methyl ether. 
NN’-Dimethylacetamidinium salts, 385. 
3:5-Dimethyl acetone /-arabofuranose, 1064. 
4:6-Dimethyl-2-acetylsulphanila midopyrimidine, 1375. 
Dimethylacridines, diamino-, and their derivatives, 247, 248. 
‘ee acid, a-bromo-, amide and methyl ester, 


N¥-Dimethsh-p-emilineshenyl methyl sulphone, picrate, 393. 

1-Dimethylamino-6-acetoxyhept-4-en-2-yne, and its methoper- 
chlorate, 1579. 

OE ogame and its methiodide, 

4-Dimethylamino-2’-N-benzenesulphonylcarbamyldiphenyl 
sulphide, and its derivatives, 1231. 

ee alcohol N- methylurethane methiodide, 


2-Dimethylamino-6-benzyloxypyrimidine, 4-chloro-, 732. 

a nee sulphide, and its ethyl 
ester, . 

cee sulphide-3-sulphonic acid, 


Dimethylaminocresols, and their derivatives, 188, 189. 
ot —- Vigne ete eeeeeneme and its picrate, 
4-Dimethylamino-2:6-dibenzoyloxypyrimidine, 732. 
9-Dimethylamino-2:3-dihydro-8-quinindene, 12-amino-, 
12-chloro-, 636. 
1-Dimethylamino-2:2-dimethyl-n-butane, 3-chloro-, picrate, 59. 
8-Dimethylamino-2:2-dimethylpropanol hydrobromide, 59. 
y-Dimethylamino-8f-dimethylpropyl benzilate, 60. 
2-Dimethylaminoethanesulphonic acid, methyl ester, hydro- 


chloride, 181. 
Dimethylaminoethanol, and its benzilate methochloride, 166. 
N-methylthiourethane and urethane hydrochlorides, 181. 
Dimethylaminoethyl benzilates, 60. 
B-Dimethylaminoethylamide, benzilates, 60. 
4-Dimethylamino-l-ethylbenzene, 2-amino-, acetyl derivative, 
and 2-nitro-, methiodide, 187. 
a  emeneeeremes and its hydrogen benzilate, 


A. TG and their derivatives, 188, 189. 

trans-2-Dimethylaminocyclohexanol, and its esters and deriv- 
atives, 167. 

4-Dimethylamino-1-cyclohexylbenzene, 2-amino-, and 2-nitro-, 
and its methiodide, 187. 

2-Dimethy’ methylamino-3-cyclohexyiphenol, N -methylurethane and 
its methiodide, 189. 

5-Dimethylamino-2-cyclohexylphenol, 188. 

4-Dimethylamino-2-hydroxybenzyldimethylamine, and its di- 
hydrochloride, 188. 

1-Dimethylamino-2-hydroxynaphthalene, and its N-methyl- 
urethane, and its methiodide, 188, 190. 

B-Dimethylamino-3- and -4-hydroxypropiophenones, hydro- 
chlorides, 1192. 

2-Dimethylamino-4:6-dihydroxypyrimidine, 733. 

4-Dimethylamino-2:6-dihydroxypyrimidine, 732. 

1-Dimethylamino-7-hydroxytetralin, 194. 

SD Dae CRD Celeatpine Pquiainton, 


p-Dimethylamino-8-methoxypropiophenone hydrochloride, 
1-Dimethylamino-7-methoxytetralin, 193 


8-Dimethylamino-4-methylcoumarin, and its methiodide, 186. 
a-Dimethylaminomethylpropiophenone hydrochloride, 1193. 


and 
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ee Sen eam, and its methiodide, 


2:4-Dimethyl-5-2’-aminomethylthiazole, dipicrate, 1402. 
Dimethylaminophenols, urethanes of, and their derivatives, 
89. 


5-Dimethylaminophenol, 2-chloro-, and its N-methylurethane 
methiodide, 188, 190. 
a- _ B-( +)-w-Dimethylamino-w-a-phenylethylacetophenones, 


y-Dimethylamino-a-phenylpropanol, benzilate of, and its 
methochloride, 168. 


4 ee hydrochloride, 


2-y-Dimethylaminopropylamino-5:6-dimethylpyrimidine, 
4-amino-, and 4-chloro-, 48, 49. 
2-y-Dimethylaminopropylamino-4-hydroxy-5:6-dimethyl- 
pyrimidine, 48. 
4-Dimethylamino-l-isopropylbenzene, 2-amino-, acetyl deriv- 
ative and 2-nitro-, methiodide, 187. 
Dimethylamino-4-isopropyl-o-cresols, and their derivatives, 
5-Dimethylamino-4-isopropyl-o-cresol, and its derivatives, 186. 
eee, and their derivatives, 188, 
6-Dimethylamino-4-isopropyltoluene, 2-amino-, 187. 
2-Dimethylaminopyrimidine, 4:6-dichloro-, 732. 
4-Dimethylaminopyrimidine, 2:6-dichloro-, 732. 
5- and 7-Dimethylaminoquinolines, and their salts, 441, 443. 
4-p-Dimethylaminostyryl-1-ethylcinnolinium iodide, and 6- and 
7-chloro-, 811. 
2-Dimethylaminothioxanthone, 1232. 
2-Dimethylaminothioxanthone-3-sulphonic 
potassium salt, 1233. 
5-Dimethylaminotoluene, 3-amino-, acetyl derivative, and 3- 
nitro-, methiodide, 187. 
6-Dimethylamino-m-xylene, 4-amino-, acetyl derivative, and 
4-nitro-, methiodide, 187. 
6-Dimethylamino-m-4-xylenol, and its N-methylurethane, and 
its methiodide, 188, 190. 
Dimethylanilife, 4-chloro- 3-nitro-, 187. 
3:3-Dimethyl-2-f-anilinovinylindolenine methiodide, 959. 
3:5-Dimethyl /-arabinose, 1062. 
3:5-Dimethyl /-arabonolactone phenylhydrazide, 1064. 
2:4-Dimethyl-l-azanthracene, chloro-derivatives, 547. 
2:4-Dimethyl-l-azanthraquinone, chloro-derivatives, 548. 
NN-Dimethylbenzamidine reineckate, 392. 
NN’-Dimethylbenzamidine sulphamate, 385, 504. 
Dimethyl-2-benzamidoethylsulphonium iodide, 771. 
4:6-Dimethyl-2-benzamidomethylpyrimidine, 1374. 
2:4-Dimethyl-5:6-benzoquinoline, 3-chloro-, 547. 
5’-hydroxy-, 548. 
(ee iodide and picrate, 
Dimethyl-2-benzylaminoethylsulphonium iodide, 771. 
2:2-Dimethylbutane, l-amino- and 1-nitro-, 1497. 
3-mono- and 1:3-di-nitro-, 1519. 
1:2-Dimethyl-n-butyl cyanide, 3-nitro-, 1507. 
°° cere 
3:4-Dimethyl-5-carbethoxymethyl-2-thiazolenyl-4-quinolyl- 
methane, 1403. 
2:2-Dimethyl-4-chloromethyl-1:3-dithiolan, 595. 
1:1-Dimethyl-3-chloromethylpiperidinium iodide, 59. 
Dimethyl-f8-chloropropylamine hydrochloride, 59. 
2:4-Dimethyl-5-cyanomethylthiazole, and its picrate, 1402. 
3:8-Dimethyldeca-4:6-diyne-3:8-diol, 1582. 
3:3’-Dimethyldibutyl sulphone, 3:3’-diamino-, and its hydro- 
chloride, and 3:3’-dinitro-, 1517. 
NN’-Dimethyl-V N’-di-8-(@-chloroethoxy)ethylpiperasiniam di- 
halides, 518. 
salts, 532. 
NN ’-Dimethyldi-2-chloroethylpiperazinium dithiocyanate, 322. 
Dimethyldihydroperimidine, 4:6:7:9-tetranitro-, 81. 
4:5-Dimethyldiphenylamine, 4’-chloro-3-amino-, and its salts, 
and 4’-chloro-3-nitro-, 913 
5:5-Dimethyl-2:4-dithiohydantoin, 683. 
NN-Dimethyl-N’-ethylbenzamidine salts, 385. 
Dimethylethyl-8-chloroethylammonium salts, 59. 


4-bromo-, 


acid, and _ ita 
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CRS enteeneaaatn, and its hydrochloride, 


Dimethylethyl-8-hydroxyethylammonium picrate, 59. 
2:3-Dimethyl-5- and -6-ethylindoles, 1633. 
2:3’-Dimethyl-6-ethylindoline, 1633. 
Dimethylethylsulphonium iodides, 2-substituted, alkaline fis- 
sion of, 766. 
2:6-Dimethyl galactonamide, 1625. 
2:6-Dimethyl galactose anilide, 1625. 
1:3-Dimethylhexahydropyrimid-2-one, 315. 
Dimethylhexamethylenediamine, hydrochloride, 314. 
NN’-Dimethylhexamethylenediamine-N NV ‘-blscarboxyalethy!- 
amide, 315. 
NN’-Dimethylhexamethylenediamine-N-carboxydiethyl- 
amide-N-carboxymorpholide, 318. 
1:1-Dimethylcyclohexane, 1:1-diamino-, and 1:1-dinitro-, 1519. 
3:3-Dimethylhexane, 4-amino-, 1497. 
Dimethylcyclohexanones, 2:4-dinitrophenylhydrazones, 1647. 
3:3-Dimethylhexan-4-one oxime, 1497. 
—e 2:4-dinitrophenylhydrazone, 
5:5’-Dimethylhydantoin, 1-nitro-, 334. 
Dimethyl-f-hydroxyethylisopropylammonium chloride, 59. 
2:2-Dimethyl-4-hydroxymethyl-1:3-dithiolan, 595. 
Dimethyl-8-(hydroxypheny!)ethylamines, 194. 
Dimethyl-y-(hydroxypheny])-a-methyl-n-propylamines, 194. 
N-methylurethanes and their derivatives, 195. 
Dimethylhydroxyphenylpropylamines, 194. 
N-methylurethanes of, and their derivatives, 195. 
Dimethyl-a-(4-hydroxy-m-tolyl)ethylamine, 194. 
N-methylurethane hydrochloride, 195. 
1:3-Dimethyliminazolid-2-one, 315. 
Dimethyl-8-(3-methoxyphenyl)ethylamine, 193. 
Dimethyl-y-(methoxypheny])-a-methyl-n-propylamines, 193. 
Dimethylmethoxyphenyl-n-propylamines, 193. 
Dimethyl-a-(4-methoxy-m-tolyl)ethylamine, 193. 
Dimethyl-2-methylthioethylsulphonium iodide, 770. 
1:5-Dimethylnaphthalene, and its derivatives, 1434. 
2:6-Dimethyloctane, 2:6- and 3:7-dimercapto-, 1538, 1539. 
2:6-Dimethyloctane-2:6-diol, 1108. 
Dimethylpentamethylenediamine hydrochloride, 314. 
5:5-Dimethylcyclopentamethylene-2:4-dithiohydantoins, 683. 
2:3-Dimethylpentane, 2:4-diamino-, and its derivatives, 1491. 
2-bromonitro-4-nitro-, 1490. 
2:2-Dimethylpent-4-ene, 1-nitro-, 1498. 
9:10-Dimethylphenanthridinium salts, 7-amino-, 71. 
2:7-diamino-, and their 2:7-diacetyl derivatives, 72. 
Dimethyl-2-phenoxyethylsulphonium iodide, 770. 
y-(3:5-Dimethylphenyl)butyric acid, y-2-hydroxy-, 537. 
(+) + dl-1:1-Dimethyl-2-phenylpropan-1-ol, 437. 
2:2-Dimethylpropane, 1:3-diamino-, and its derivatives, 1502. 
1:3-dinitro-, 1518. 
aa-Dimethylpropionamide, 8-amino-, and its derivatives, 1502. 
aa-Dimethylpropionic acid, B-amino-, and its esters, 1503. 
Di-(1-methylpropyl) sulphide, di-2-nitro-, 1481. 
Di-(1-methylpropyl) sulphone, di-2-nitro-, 1481. 
2:3-Dimethyl-6-isopropyltetrahydrothiopyran, 1539. 
2:5-Dimethylpyrazine mono- and di-N-oxides, 1184. 
3:6-Dimethylpyrazine, 2-chloro-, 2:5-dichloro-, and 2-chloro-5- 
hydroxy-, 1182. 
2-hydroxy-, 370, 1182. 
and its picrate, 372. 
2:3-Dimethylpyridine, derivatives of, 1698. 
2:5-Dimethylpyrimidine, 4-chloro-6-hydroxy-, 1358. 
2:6-Dimethylpyrimidine, 5-amino-4-hydroxy-, 5-acetyl and 5- 
formyl] derivatives, and 4-chloro-5-amino-, and its 5-acetyl 
and 5-formyl] derivatives, 50. 
4:6-Dimethylpyrimidine, 2:5-diamino-, 51. 
2:2-Dimethyl-5-pyrrolidone, and its hydrochloride, 1511. 
2:2-Dimethylpyrroline, and 5-amino-, and 5-imino-, and their 
derivatives, 1510. 
2:2’-Dimethylstilbene, trans-4:4’-dibromo-, and cis- and trans- 
4:4’-dicyano-, 692. 
2:2’-Dimethylstilbene-a-carboxylic acid, cis-4:4’-dibromo-, 692. 
Dimethylstyrene, addition of halogens to, 628. 
4:6-Dimethyl-2-sulphanilamidomethylpyrimidine, 1375. 
Dimethyltetrachlorodisiloxane, 1592. 
10:15-Dimethyltetracosa-11:13-diyne-19:15-diol, 1583. 
Dimethyltetramethylenediamine hydrochloride, 314. 
2:4-Dimethylthiazole-5-acetic acid, and its derivatives, 1402. 
4:4’-Dimethylthioazoxybenzene, 852. 
5:5-Dimethyl-2-thiohydantoin, and 4-imino-, 685. 















ne, 


0-5- 





2:10-Dimethylthionaphthindole, 657. 
or - * emememememsaees 10-chloro-, and its picrate, 


Dimethyltrimethylenediamine hydrochloride, 314. 
NN bo gemma, N’-biscarboxydiethyl- 
amide, 315. 
NN’-Dimethyltrimethylenediamine-N-carboxydiethylamide-N’- 
carboxypiperidide, 315. 
4:5-Dimethyltriphenylamine, 4’:4’’-dichloro-3-nitro-, 913. 
1:1’-Dinaphthyl, 1:1’-diamino-, diacetyl derivative, 3:3’-di- 
amino-4:4’-diamino-, 4:4’-diacetyl derivative, 3:3’-dinitro-, 
3:3’-dinitro-4:4’-diamino-, 4:4’ dinitro-1:1’ diamino., 1:1’. 
a derivative, and 3:3’-dinitro-4:4’-dihydroxy-, 1573, 
574. 
3:3’-dinitro-, synthesis of, 1573. 
2:2’-Dinaphthyl, 1:1’-diamino-, preparation of, 77. 
3:3’-Dinaphthyl, 1:1’-dibromo- and 1:1’-dichloro-2:2’-diamino-, 
and their dihydrochlorides, 1391, 1392. 
3:3’-Dinaphthyl-2:2’-bisazo-8-naphthol, 1:1’-dibromo-, 1392. 
Di-n-nonylamine, and its derivatives, 199. 
aa-Di-n-octylacetamidine hydrochloride, 741. 
Di-n-octylacetonitrile, 741. 
Di-n-octylamine m-nitrobenzenesulphonate, 199. 
A*5.Diolefins, reaction of, with sulphur, 1519. 
ay-Diphenoxypropane, 4:4’-diamino-, 4:4’-dinitro-, and 4- 
nitro-4’-amino-, 393, 394. 
3:5:3’:5’-tetrabromo-, 83. 
i - ‘iat and its tri-imino-ether hydrochloride, 


Diphenyl, 2-amino-5-cyano-, 2-acetyl derivative, 2-p-bromo- 
amino-, and 5-bromo-2-p-bromoamino-, benzoyl deriv- 
atives, 85, 86. 

3:3’-dichloro-4:4’-dinitro-, 129. 

2:2’:6:6’-tetrachloro-4:4’-dinitro-, 735. 

2-nitro-4’-amino-, 72. 

4-nitro-2’-o-nitroamino-, benzoyl derivative, 73. 

3:3:4:4’-tetranitro-, preparation of, 1394. 
Diphenyl dihydromyrcene disulphide, 40. 

tetrasulphide, di-p-chloro-, 1549. 

Diphenylacetic acid, 3:5-diiodo-2- and -4-hydroxy-, 203. 

Diphenylacetic acids, iodo-, preparation of, 202. 

Diphenyl-2-amidinoethylarsine, and its salts, 622. 

Diphenylamine, 3-nitro-3’-amino-, 597. 

Diphenylamine-2-carboxylic acid, 3’-cyano-, 638. 

6:2’- and 6:3’-dinitro-, 3-nitro-3-amino-, 3-acetyl derivative, 
and 6-nitro-3’-amino-, and its 3’-acetyl derivative, 596. 
4-cyano-, 640. 

Diphenylamine-2-carboxylic acids, fluoro-, 761. 

Diphenylamine-6-carboxylic acid, 2:2’-dinitro-, 1418. 

Diphenylanisylacrylamides, 643. 

Diphenylanisylacrylonitriles, 643. 

3:5-Diphenyl-2-(2’-benzoylvinyl)pyrrole, 1631. 

Di(phenylbis-2-cyanoethylarsine)palladium, dichloro-, and its 

mercurichloride, and dichlorodi-p-chloro-, 621. 

3:5-Diphenyl-2-(but-1’-en-3’-onyl)pyrrole, 1631. 





(ee acid, 8-hydroxy-, and its ethyl ester, 1697, 


Diphenyl-2-carboxyethylarsine, 623. 

Diphenylchloroacetic acid, dialkylaminoalky] esters, and their 
derivatives, 166 

Diphenylchloroarsine, action of heat on, 429. 

aB-Diphenyl-f-p-chlorophenylacrylonitrile, 642. 

Diphenylchlorosilane, 1593. 

3:4-Diphenylcinnoline, N-oxide of, 1651. 

— 4-p-hydroxy-, and its ethiodides, 1651, 


Diphenyl-2-cyanoethylarsine, 621. 
Diphenyl-2-cyano-n-propylarsine, 622. 
af-Diphenyl-8-dimethoxyphenylacrylamides, 643. 
a8-Diphenyl-f-dimethoxyphenylacrylonitriles, 643. 
NN’-Diphenyl-N N’-diisopropylethylenediamine, 310. 
Di-(1-phenylethyl) sulphide, di-2-nitro-, 1481. 
1:6-Diphenylhexa-2:4-diyne-1:6-diol, 1582. 
—- dimeric, permanganate-coloured, constitution 
of, b 

reaction of, with phenanthraquinone, 999. 
Diphenylmethyl-2-cyano-n-propylarsonium picrate, 622. 
NN’-Diphenyl-N-methyl-N’-ethyltrimethylenediamine, 311. 
5:6-Diphenyl-(1’-methyl-7’-isopropylphenanthro)-9’:10’-1:4- 

dioxen, 999. 
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NN-Diphenylpicolinamidine, and its picrate, 1116. 
Diphenylpropionic acids, iodo-, preparation of, 202. 
aB-Diphenylpropionic acid, 8-3:5-diiodo-, B-3:4:5-triiodo-, B- 
3:5-diiodo-4-amino- and -2-hydroxy-, 204. 
Diphenyltetrachlorodisiloxane, 1592. 
Diphenyltolylacrylamides, 642. 
BB-Diphenyl-a-p-tolylacrylic acid, 642. 
Diphenyl-a-tolylacrylonitriles, 642. 
Diphenyl triketone, reactions of, in sunlight, 997. 
2:2’-Dipiperidinoisopropylamine, and its trihydrochloride, 1513. 
2:2’-Dipiperidinoisopropylurea, and its dimethiodide, 1513. 
Dipropionylmethane, beryllium derivative, 1383. 
Di(isopropoxyethyl ethylenediamine, hydrochloride, 314. 
Ditsopropylamine, di-2-nitro-, 1488. 
5:5-Di-n-propyl-2:4-dithiohydantoin, 683. 
Dipropylethylenediamines, hydrochlorides, 314. 
NN’-Diisopropylethylenediamine-N N’-dicarboxyl chloride, 315. 
1:3-Di-n-propyliminazolid-2-one, 315. 
Di-n-propyltrimethylenediamine hydrochloride, 314. 
NN’-Di-2-pyridylbenzamidine, 389. 
Di-(2-pyrroylmethyl) sulphide, 1659. 
2:6-Distyrylpyridine, 2:6-di-p-amino-, and -di-p-nitro-, 560. 
1:3-Disulphanilylacetone, 117. 
Dithallium trimethylene glycol, 1382. 
2:2’-Dithiobenzoyl-p-nitroanilide, 1234. 
2:2’-Dithiobenzoyl-p-toluidide, 1234. 
2:4-Dithiohydantoins, 5:5-disubstituted, preparation of, from 
ketones, 681. 
2:4-Dithio-5-phenyl-1(or 3)-benzylhydantoin, 1607. 
2:4-Dithio-5-phenyl-1:3-dibenzylhydantoin, and 
chloride, 1607. 
2:4-Dithio-5-phenylhydantoin, 1606. 
1:5-Di-p-toluenesulphonamidonaphthalene, 
81. 
1:8-Di-p-toluenesulphonamidonaphthalene, 2:4:5:7-teiranitro-, 
81. 


Di-p-toluenesulphonyldiallylethylenediamine, 312. 
Di-p-toluenesulphonyldibutylethylenediamines, 312. 
Di-p-toluenesulphonyldiethylethylenediamine, 312. 
Di-p-toluenesulphonyldiethylhexamethylenediamine, 312. 
Di-p-toluenesulphonyldiethyltrimethylenediamine, 312. 
Di-p-toluenesulphonyldimethylethylenediamine, 312. 
Di-p-toluenesulphonyldimethylhexamethylenediamine, 312. 
Di-p-toluenesulphonyldimethylpentamethylenediamine, 312. 
Di-p-toluenesulphonyldimethyltetramethylenediamine, 312. 
Di-p-toluenesulphonyldimethyltrimethylenediamine, 312. 
Di-p-toluenesulphonyldipropylethylenediamines, 312. 
Di-p-toluenesulphonyldipropyltrimethylenediamine, 312. 
Di-p-tolyl-p-chlorophenylarsine, 513. 
1:5-Di-p-tolylsulphonyl-3-ethylpentane, 3-nitro-, 1516. 
3:4-Ditosyl tetra-acetyl mannitol, 1404. 
B-Diveratryl-a-methylpropionic acid, 951. 
as-Dixenylethylene, reaction of, with phenanthraquinone, 999. 
2:2-Dixenyl-3-methylphenanthro-9’:10’-1:4-dioxen, 999. 
2:2-Dixenylphenanthro-9’:10’-1:4-dioxen, 999. 
1:1-Di-p-xenylpropylene, reaction of, with phenanthraquinone, 
999. 


Dodeca-3:9-dien-5:7-diyne-2:11-diol, 1582. 

Dodeca-5:7-diyne-4:9-diol, and its bis-a-naphthylurethane, 1581. 

1:12-Dodecamethylenedi-O-benzamidoxime, 968. 

Dodecane-2:11-diol, 1582. 

Dodecane-4:9-diol, 1582. 

Dodecoxyamine hydrobromide, 967. 

Dodecoxyguanidine nitrate, 967. 

n-Dodecylphosphonic acid, diethyl esters, 1466. 

Doryl. See Trimethyl-2-hydroxyethylammonium 
urethane. 

Duboisia myoporoides, alkaloids of, 1330. 


Earths, rare, ferricyanide precipitation in, 118. 

hydrated oxalates of, 1687. 
Elaidic acid, glycerides of, 554. 
Electrochemistry of organic reactions, 1288. 
Electrons, bonding, co-ordinate links formed by, 89. , 
a of nickel, rare-earth, and zirconium groups, analysis 

of, 1347. 

Epichlorohydrin, reaction of, with sodium acetylide, 1583. 
2-(2:3-Epoxy-1-butoxy)hexane, 1585. 
2-(2:3-Epoxy-1-butoxy)hex-3-en-5-yne, 1585. 


its hydro- 


2:4:6:8-tetranitro-, 


chloride - 
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Erbium, purification of, 118. 

Erucic acid, glycerides of, 554. 

a-Erucin, 558. 

Erythritol, thallous derivative, 1381. 

Ethanesulphonic acid, 2-amino-, and 2-nitro-, salts, 1483. 

Ethoxycarbethoxymethyleneaminoacetic acid, ethyl ester, 100. 

5-Ethoxy-3’:4’-di-tert.-butyl-1:7’-thionaphthenacenaphthenyl- 
indigo, 2’(or 5’)-bromo-, 746. 

9-Ethoxy-2:3-dihydro-f-quinindene, 12-hydroxy-, 1037. 

ee and its hydrochloride, 

2-Ethoxy-3:6-dimethylpyrazine, and its picrate, 1182. 

a-Ethoxyethylideneaminoacetic acid, potassium salt, 100. 

ee ee acid, ethyl ester, 


a-(a-Ethoxyethylideneamino)-f-hydroxyacrylic acid, potassium 
ethyl ester, 101 

a-Ethoxyethylideneaminomalonic acid, ethy] ester, 100. 

2-Ethoxymethylpropane-1:3-diol, 2-nitro-, di-p-nitrobenzoyl 
derivative, 1477. 

7-Ethoxy-1:2:3:4-tetrahydroacridone, 1037. 

11-Ethoxythionaphthindole, 657. 

Ethyl B-benzoylpropimino-ether, and its hydrochloride, 1194. 
isobutyl sulphide, 2-chloro-, 1515. 
cyanides, 1- and 2-amino-, and their derivatives, 1371. 
2-(N-diethyldithiocarbamato)ethyl sulphide, 850. 
p-4-methoxybenzoylpropimino-ether hydrochloride, 1195. 
nitro-tert.-butyl ether, 1476. 

a man 2-hydroxy-, 2-acetyl derivative, and its chloride, 
530. 

4-Ethylamino-2’-N-benzenesulphonylcarbamyldiphenyl sul- 
phide, and its nitroso-derivative, 1232. 

4-Ethylamino-2’-carboxydiphenyl sulphide, and its acetyl 
derivative, 1232. 

2-Ethylaminothioxanthone, 1233. 

Ethylammonium toluene-p-sulphonate, 2-amino-, 502. 

Ethylaniline, 2-nitro-, and its hydrochloride and acetyl 
derivative, 1488. 

p-Ethylaniline, p-2-bromo-, hydrochloride, 1572. 

3-Ethyl-2-aniloethylidenebenzoxazoline, 959. 

3-Ethyl-2-aniloethylidenebenzselenazoline, 958. 

3-Ethyl-2-aniloethylidenebenzthiazoline, 956. 

3-Ethyl-2-aniloethylidenebenzthiazoline, 5-chloro-, 957. 

3-Ethyl-2-aniloethylidenethiazolidine, 959. 

3-Ethyl-2-anilopropylidenebenzthiazolines, 958. 

N-Ethylbenzamidinium salts, 385. 

Ethylbenzene, 4-nitro-2’:2’:2’-trinitro-, 
2’:2’:2’-trinitro-, 1236. 

2-Ethylbenzthiazole, preparation of, and its etho-p-toluene- 
sulphonate, 957. 

o-Ethylbenzyl methyl ether, 0-2-chloro-, and o0-2-hydroxy-, 
1639, 1640. 

a-Ethyl-a-n-butylacetamidine, and its derivatives, 741. 

a-Ethyl-a-n-butylacet-N-octylamidines, and their salts, 741. 

a-Ethyl-a-n-butyl-a-n-hexylacetamidine, 741. 

Ethyl-n-butyl-n-hexylacetonitrile, 741. 

a-Ethyl-o-n-butyloctylacetamidines, 741. 

Ethyl-n-butyloctylacetonitriles, 741. 

Ethyl-y-chloropropylaniline, 311. 

6-Ethyldec-6-en-5-ol, 758. 

3-Ethyl-2-dianiloisopropylidené-6:7-benzbenzthiazoline, 1439. 

8-Ethyl-2-dianiloisopropylidenebenzoxazoline, 1441. 

3-Ethyl-2-dianiloisopropylidenebenzselenazoline, 1439. 

a cnet and 6-chloro-, 

1-Ethyl-2-dianiloisopropylidene-1:2-dihydroquinoline, 1441. 

1-Ethyl-4-dianiloisopropylidene-1:4-dihydroquinoline, 1440. 

8-Ethyl-2-dianiloisopropylidenethiazolidine, 1440. 

Ethyldi-(2-chloroethyl)amine, and its salts, 516. 

Ethyldichlorosilane, 1593. 

2-Ethyldihydro-1:3-benzthiazine-4-one, 764. 

Ethyldi-(2-hydroxyethyl)ammonium salts, 2-chloro-, 529. 

3-Ethyl-2-(3’:5’-di-m-methoxybenzoylpenta-2’:4’-dienylidene)- 
benzthiazoline, 1631. 

Ethyldi-n-nonylamine hydrochloride, 200. 

Ethyldi-n-octylamine, 200. 

Ethylditsopropylamine, -chloro-, hydrochloride, 59. 

Ethyldi-(2-tsothioureido-S-ethyl)amine, 322. 

Ethylene, halogeno-derivatives, addition of halogens to, 630. 

Ethylenediammonium bistoluene-p-sulphonate, 503. 


and 2:4:6-trinitro- 
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Ethylenedi-O-benzophenone oxime, 968. 
Ethylenediphosphonic acid, tetraethyl ester, 1467. 
Ethylene oxide, anhydro sugars of, action of acid reagents on, 10. 
af-Ethylenic carbinols, alkaline fission of, 756. 
Ethyl-2-ethoxyethylamine, and its picrolonate, 313. 
Ethyl-2-ethoxyethylcarbamy] chloride, 313. 
1-Ethylcyclohexane, 1-nitro-1-2-cyano-, 1507. 
3-Ethylhexane-l-carboxylic acid, 3-2-amino-, 2-benzoyl deriv- 
ative, ethyl ester, 223. 
3-2-bromo-, and 1:3-2-dibromo-, 224. 
1-Ethylcyclohexene, 1-(1-nitro-2-hydroxy)-, and its 2-acetyl 
derivative, 1474. 
3-Ethylhexyl cyanide, 3-2-amino-, 2-benzoyl derivative, 223. 
Ethyl-y-hydroxypropylaniline, 311. 
2-Ethylidenecyanoacetic acid, 1:2-diamino-, 2-benzoyl deriv- 
ative, ethyl ester, 1375. 
2-Ethylidenemalononitrile, 1:2-diamino-, 2-benzoyl derivative, 
1375. 


4-Ethylimino-5:5-dimethyl-2-thiohydantoin, 4-2’-hydroxy-, 686. 
4-Ethylimino-5:5-(3’-methylcyclopentamethylene)-2-thio- 
hydantoin, 4-2’-hydroxy-, 686. 
2-Ethylimino-5:5-cyclopentamethylenehydantoin, 
2-2’-hydroxy-, 686. 
4-Ethylimino-5:5-cyclopentamethylenehydantoin, 
4-2’-hydroxy-, 686. 
4-Ethylimino-5:5-ceyclopentamethylene-2-thiohydantoin, 
4-2’-hydroxy-, 686. 
a ces bromide, reaction of, with nitro-paraffins, 
3-Ethyl-2-methylene-6:7-benzbenzthiazoline, 956. 
3-Ethyl-2-methylenebenzselenazoline, 956. 
3-Ethyl-2-methylenebenzthiazoline, and 5-chloro-, 956. 
1-Ethyl-2-methylene-1:2-dihydroquinoline, 956. 
1-Ethyl-4-methylene-1:4-dihydroquinoline, 956. 
N-Ethyl-p-methylsulphonylbenzamidine, and its salts, 1112. 
a. nae 2-hydroxy-, methochloride urethane, 
Be 


Ethyl-2-nitroethylaniline, and its picrate, 1489. 

5-Ethyl-3-(2-nitro-2-hydroxy methylbutyl)tetrahydro-1:3- 
oxazine, 5-nitro-, 926. 

Ethyl-2-nitropropylanilines, hydrochlorides, 1489. 

Ethylpentachlorodisiloxane, 1591. 

p-Ethylphenol, p-2-bromo-, 1572. 

p-Ethylphenyldiallylphosphine, 1448. 

p-Ethylphenyldi-8-methylallylphosphine, 
chloride, 1449. 

p-Ethylphenylmethyldimethyl-f-allylphosphonium iodide, and 
its mercuri-iodide, 1449. 

Ethylphosphonie acid, 2-bromo-, diethyl ester, 1467. 

Ethylpiperidine, B-chloro-, methiodide, 59. 

2-Ethylpropane-1:3-diol, 2-nitro-, additive compound of, with 
hexamethylenetetramine, 925. 

a-Ethyl-a-isopropylacetamidine, and its hydrochloride, 741. 

Ethyltsopropylamine, 8-chloro-, hydrochloride, 59. 

a-Ethyl-a-isopropyl-a-n-hexylacetamidine, 741. 

Ethylisopropyl-n-hexylacetonitrile, 741. 

3-Ethylquinoline, 2:4-dichloro-, 909. 

4-Ethylsulphonylpyridine, 53. 

5-Ethyltetrahydro-1:3-oxazine, 5-nitro-, salts, 927. 

N-Ethyl-1:2:3:4-tetrahydroquinoline, N-2-nitro-, 1488. 

y-Ethylthio-n-butyronitrile, a-amino-, oxalate, 1612. 

5-8-Ethylthioethyldithiohydantoin, 1612. 

Ethylthiol, 2-nitro-, 1480. 

N-Ethylthiomorpholine, N-8-chloro- and -hydroxy-, metho- 
chlorides, 60. . 

6-Ethylthionaphthindole, 6-2-cyano-, 658. 

2-Ethylthio-4-phenylthiazole, and its hydrobromide, 1658. 

B-Ethylthiopropaldehyde dinitrophenylhydrazone, 1611. 

4-Ethylthiopyridine hydriodide, 53. 

Ethyltrichlorotin, 1450. 

af-Ethynyl ketones, reaction of, with active methyl and 
methylene compounds, 1626. 

Eugenol, derivatives, sulphonation of, 124. 

Explosives, solid, thermal decomposition of, 1560. 


and its mercuri- 


F. 
Flavylium salts, mono- and di-hydroxy-, 349. 
Fluorescence of aromatic hydrocarbons, quenching of, van der 
Waals complexes in, 130. 
quenching of, in solvents, 105. 


















10. 


Tiv - 


fins, 


ane, 





‘tho- 


and 





1 der 









Fluorine organic compounds, with aminoacridines, 759. 
— ehyde, reaction of, with 1-nitropropane and ammonia, 
9 


Formic acid, chloro-, chloroalkyl esters, 178. 
Formimidoisopropyl ether hydrochloride, 101. 
Formylacetic acid, amino-, acetyl derivative, ethyl ester, 2:4- 
dinitrophenylhydrazone, 101. 
2’-Formylethylidene-1-chloro-2-naphthylamine, 2’-chloro-, 543. 
6-Formylthionaphthindole, and its picrate, 657. 
Friedel-Crafts reaction in carbazole series, 937. 
with 1-acyl-2:3-dimethylindoles, 1631. 
d-Fructose, isolation of, Gon mixed sugars, 1461. 
Fungi, antibiotics produced by, 1021. 
Furan compounds from sucrose, 396. 
Furfuraldehyde, hydrogenation of, to furfuryl alcohol and 
sylvan, 1068. 
Furfuryl alcohol, production of, from furfuraldehyde, 1068. 
w-Furfurylideneacetophenone, p-amino-, 1420. 
-2-Furoylpropionic acid, and its ethyl ester, 1194. 
B-2-Furoylpropionitrile, 1194. 
2-Furyl £-dimethylaminoethyl ketone cyanohydrin, 1194. 
2-(2-Furyl)ethanesulphonic acid, l-amino-, and _1-nitro-, 
sodium salt, 1484. 
2-(2-Furyl)hexane, 1-nitro-, 1499. 
4-(2’-Furyl)-2-methylthiazole, and its hydrobromide, 1658. 
4-(2’-Furyl)thiazole, 2-amino-, 1658. 
Fusarium javanicum, antibacterial pigment from, 1021. 


Galactose, determination of, 1048. 

p-Galacturonic acid, derivatives of, 1340. 

Gallocatechin from m tea, 35. 

Gases, adsorbed, redistribution and desorption of, 401. 
= adsorption of, on chromic oxide—manganous oxide, 
streams of, heat exchange between solid granules and, 416. 

Geraniolene, sulphide, 1529. 
sulphide methiodide, 1531. 
disulphide, 1538. 

Gigartina stellata, polysaccharide of, 1622. 

Glucose, 3-chloro-, 16. 

1-d-Glucosidoglyoxaline-4:5-dicarboxylic acid, diamide of, and 
its tetra-acetyl derivative, amide, and methyl ester, 380. 

Glycerides, natural mixed, configuration of, 773. ~ 
X-ray and thermal examination of, 554. 

Glycerol, thallous derivative, 1381. 

Glycine, conductivity and viscosity of, 76. 

Glycogen, structure of, 1399. 

Glycollic acid, dithallium salt, 1381. 

Grignard reagents, action of, on esters of optically-active 

carboxylic acids, 436. 
on a-nitro-olefins, 1494. 
solutions, experiments with, 847. 
Guaiaretic acid, diacetyl derivative, 950. 
OS SeenpEaEON, 6-chloro-, and its picrate, 


4-Guanidino-2:6-dibenzyloxypyrimidine, 733. 
4-Guanidino-2-hydroxy-1:3-diaza-acridine, and its salts, 734. 
4-Guanidino-2:6-dihydroxypyrimidine, 733. 
4-Guanidinopyrimidine, 2:6-dichloro-, 733. 


H. 
Halogens, addition of, to unsaturated compounds, 628, 630, 


kinetics of substitution by, in aromatic compounds, 1167. 
Halogen compounds, positive, homolytic bond fission of, 492. 
Heptadecane, l-amino-, and its acetyl derivative, 199. 

9-amino-, m-nitrobenzenesulphonate, 199. . 
Hepta-3:5-dien-2-one 2:4-dinitro »henylsemicarbazone, 1390. 
[2:2:1 }bicycloHeptene-2, oxidation of, 818. 

O-Heptoxyamine, and its hydrobromide, 966. 
Heptoxy-3:5-dinitrobenzamide, 967. 
Heptoxyguanidine nitrate, 967. 
Heptoxymethane, 966. 

a-n-Heptylacetoacetic acid, ethyl ester, 1039. 
O-Heptylbenzamidoxime, 968. 
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a-n-Heptylideneacetoacetic acid, ethyl ester, preparation of, 
1038. 


1-n-Heptylidene-n-heptaldehyde dinitrophenylhydrazone, 966. 
n-Heptylphosphonic acid, diethyl ester, 1466. 
Heterocyclic compounds, configuration of, 4. 
synthesis of, Hofmann reaction applied to, 378. 
Hexachlorodisiloxane, organic derivatives of, 1590. 
Hexadecylethylamine, and its hydrochloride, 199. 
Hexamethylenediammonium bistoluene-p-sulphonate, 503. 
1:6-Hexamethylenedi-O-benzamidoxime, 968. 
1:6-Hexamethylenedioxydiamine dihydrochloride, 967. 
1:6-Hexamethylenedioxydiguanidine dinitrate, 967. 
5:5-cycloHexamethylene-2:4-dithiohydantoin, 683. 
Hexamethylenetetramine, additive compound of, with 2-nitro- 
2-ethylpropane-1:3-diol, 925. 
cycloHexane, 1-chloro-2-thiocyano-, 1529. 
cycloHexane series, alcohols of, 205. 
Hexathallium inositol, 1382. 
cycloHexene thioepoxide, 1530. 
A'-cycloHexene methyl ether, 105. 
cycloHexenylbutyleyanoacetic acid, ethyl ester, 773. 
cycloHex-1-enyl-a-isobutyric acid, bromo-lactone, 1165. 
cycloHex-1-enyl-a-isobutyrolactone, 2-hydroxy-, 1166. 
1-cycloHexenylpentane-1-carboxylic acid, 773. 
Hex-2-en-4-yne-1:6-diol, and its oe oe 1589. 
Hex-3-en-5-yn-2-ol, and its a-naphthylurethane, 1585. 
n-Hexoamidine, 5-amino-, 5-benzoyl derivative, hydrochloride, 
1377. 
N-Hexovanillylamide, derivatives of, 615. 
Hexoxyamine hydrobromide and hydrochloride, 966. 
Hexoxydiguanide nitrate, 966. 
Hexoxyguanidine nitrate, 966. 
Hexoxymethane, 966. 
cycloHexyl isoamy] sulphide, 40. 
cyclohexeny] sulphide, 1529. 
pheny] sulphide, 40. : 
cycloHexylacetic acid, 2-hydroxy-, lactone, and its phenyl- 
hydrazide, 1164. ; 
N-cycloHexyl-1-amidino-n-heptane, and its hydrochloride, 
1115. 


cycloHexyl isoamyl sulphone, 40. 

N-cycloHexylanisamidine, and its salts, 1115. 

cycloHexyl-a-isobutyric acid, 1:2-dihydroxy-, lactone, 1165. 

O-Hexylcholestanone oxime, 966. 

O-Hexylcholestenone oxime, 966. 

cycloHexyl-n-decylamine hydrobromide, 201. 

N-cycloHexyl-aa-diethylacetamidine, and its chloride, 1114. 

cycloHexylglycollic sulphone, 39. 

cycloHexyl-n-hexylamine hydrochloride, 201. 

cycloHexylmethyleneimine, 1118. 

cycloHexyl-n-nonylamine hydrochloride, 201. 

cycloHexyl-n-octylamine hydrochloride, 201. 

1-cycloHexylpentane-l-carboxylic acid, and its p-bromophen- 

acyl ester, 772. ‘ 
1-cycloHexylpent-l-ene-l-carboxylic acid, and its p-bromo- 
phenacy] ester, 772. 

N-cycloHexylphenylacetamidine, and its picrate, 1115. 

cycloHexyl phenyl sulphone, 40. 

n-Hexylphosphonic acid, diethyl ester, 1466. 

a-cycloHexyl-f-propylacrylic acid from cyclohexanol, 772. 

cycloHexylthioglycollic acid, 39. 

Hofmann reaction in synthesis of heterocyclic compounds, 378. 

Homovanillin, 1692. 

2-Homovanillylcyclohexanol, 1696. : 

2-Homovanillylidenecyclohexanone, and its 2-O-acetyl deriv- 

ative, 1696. 

Hydantoin, and its derivatives, spectra of, absorption, 331. 

4-Hydrazino-5:5-dimethyl-2-thiohydantoin, 686. 

1-Hydrindenol, and its derivatives, 95. 

Hydrocarbons, aromatic, catalysed gas-phase reactions of, 928. 
fluorescence quenching of, van derWaals’ complexes in, 130. 
polycyclic, 940. 
metabolism of, 801. 

Hydrogen, reduction of oxides by carbon monoxide and, 1239. 

Hydrogen sulphide, reaction of, with olefins, infra-red analysis 

— to, 1540. 
with olefins, di-isoprenes, and rubber, 1532. 
Hydroxymethyldialkylamines, condensation of, with nitro- 
paraffins, 1511. 
Hyodeoxycholic acid, epimeride of, 812. 
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a. 

Iminazoles, synthesis of, 96. 
Indene, derivatives of, 1697. 

recovery of, from heavy naphtha, 369. 
Indene, 5-nitro-, synthesis of, 95. 
Indoles, formation of, from substituted cinnolines, 1649. 
Indole series, synthesis in, 558. 
Inositol, hezathallium derivative, 1382. 
Iodination, catalytic. See Catalytic iodination. 

of aromatic compounds, 1167. 
Iodine, kinetics of reaction of, with copper, in various solvents, 

1119. 

solutions, reaction of, with tin, in organic solvents, 736. 
Iodine chloride, iodination by, 1167. 

Periodates, oxidation of carbohydrates by, 1427. 
¥-Ionone 2:4-dinitrophenylsemicarbazone, 1390. 
Iron thiosulphate, complex, 335. 
Iron organic compounds :— 

Ferric thiocyanate, complex, in ethyl-alcoholic solution, 336. 
Isotopes, thermodynamics of, 562. 


J. 
Javanicin, and its derivatives, 1021. 


K. 
Kaempferide, 124. 
isoKaempferide, and its acetyl derivative, 124. 
Kaempferol methyl] ethers, synthesis of, 122. 
3-Keto-2-acetyl-2:3-dihydrobenzthiazine, and its 2:4-dinitro- 
phenylhydrazone, 1621. ° 
3-Keto-2-benzoyl-2:3-dihydrobenzthiazine, 1621. 
2-Keto-1-benzoyl-1:2-dihydrobenzisothiazole S-oxide, 764. 
3-Keto-n-butyl cyanide 2:4-dinitrophenylhydrazone, 1507. 
9-Keto-5-carbethoxy-2-ethylmorphan ethobromide, 400. 
2-Keto-3:12-diaza-2:12-dihydroacridine, 4-amino-, and _ its 
hydrochloride, 733. 
9’-Keto-3':4’-di-tert.-butyl-8’-azaphenalino(7’:8’:2:3)-)-indole, 
2’(or 5’)-bromo-, 746. 
2’(or 5’)-nitro-, 745. 
2-Keto-1--diethylaminoethyl-1-8-carbethoxyisopropyl- 
1:2:3:4-tetrahydronaphthalene, 400. 
a nae aaeaaaeel 
ene, 951. 
— 8-dimethyl-1:2:3: 4-tetrahydronaphthalene,5- hydroxy-, 


omaet 4-dimethyl-2:3:5: 6-tetrahydro-1: 3:4-oxadiazinium 
chloride, 181. 

5-Keto-2-ethoxy-3-acetyl-2-methyltetrahydro-oxazole, 100. 

3-Keto-6-(2’-furyl)-2:3:4:5-tetrahydropyridazine, 1194. 

5-Ketoheptoic acid, methyl ester, and its semicarbazone, 1108. 

2-Ketocyclohexylacetic acid, and its 2:4-dinitrophenylhydraz- 
one, 1164. 

2-Ketocyclohexyl-a-isobutyric acid, and its 2:4-dinitropheny]- 
hydrazone, 1166. 

2-Ketocyclohexylmalonic acid, and its derivatives, 1162. 

1: cca acid, 2-hydroxy-, and its lactone, 


B-Keto-8-3-indolylpropionic acid, ethyl ester, 558. 
1-Keto-5-methoxy-6:8-dimethyl-1:2:3:4-tetrahydronaphthalene, 
and 2-bromo-, 537. 
1-Keto-5-methoxy-6:8-dimethyl-1:2:3:4-tetrahydronaphthalene- 
2-carboxylic acid, ethyl ester, 538. 
1-Keto-5-methoxy-6:8-dimethyl-1:2:3:4-tetrahydronaphthalene- 
2-glyoxylic acid, ethyl ester, 538. 
1-Keto-5-methoxy-6:8-dimethyl-1:2:3:4-tetrahydronaphthalene- 
2-a-propionic acid, and its lactone, 539. 
12-Keto-9-methoxy-2:3:5:12-tetrahydro-8-quinindene, 635. 
ene cyanide 2:4-dinitrophenylhydrazone, 
2-Keto-1-methyl-1-f-diethylaminoethyl-1:2:3:4-tetrahydro- 
naphthalene, 401. 
5-Keto-2-methyl-4:5-dihydroiminazole-4-carboxylic-1-malonic 
acid, ethyl ester, 100. 
&-Keto-1-mothyl-1:2-dihyiro-p-phonanthreline 
9-(6’-Keto-1’-methyl-1’:6’-dihydro-3’-pyridy!)phenanthridine, 
and 3-nitro-, and their derivatives, 1414. 


methiodide, 
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9-Keto-5-methyl-2-ethyl-6:7-benzomorphan ethobromide, 401. 
Ketones, reaction of, with nitro- paraffins, 1517. 
= of, by primary alcohols in presence of alkalis, 


Eoeb4t'~ nitro-2’-methoxypheny] )-2-methyltetrahydro- 
phthalazine-4-acetic acid, and its methyl ester, 464. 
1-Keto-3-(2’: 4’-dinitrophenyl)-2-methyltetrahydrophthalazine- 
4-acetic acid, 833. 
2-Keto-1-phenylacetyl-1:2-dihydrobenzisothiazole S-oxide, 764. 
2-Keto-1-propionyl-1:2-dihydrobenzisothiazole S-oxide, 763. 
12-Keto-2:3:5:12-tetrahydro-8-quinindene, 9-chloro-, 636. 
2-Keto-4:4:6-trimethylhexahydropyrimidine, and its dibenzoy] 
derivative, 1398. 
Kinetics, chemical, 694. 
of anionotropic rearrangement, 1096. 


L. 


Lactic acid, dithallium salt, 1381. 
Lactones, unsaturated, 1176. 
Leevulic acid, sulphanilamidothiazoles from, 590. 
a- and £-Lanostadienes, 1470. 
isoLanostadiene, 1471. 
a-Lanostatriene, 1470. 
y-Lanostatrienes, 1471. 
a- and y-Lanostenes, 1469. 
Lanosterol, 1467. 
Lanthanons, relation of, to yttrium, 1084. 
Lectures delivered before the Chemical Society, 502, 853, 1422, 
1700. 
at joint meeting to commemorate Centenary, 1278. 
Light, ultra-violet, absorption of. See under Spectra. 
See also Sunlight. 
Liquids, density, vapour pressure, and viscosity of, 822. 
Liversidge Lecture, 562. 
Lucerne seed, galactomannan of, 1443. 
Iupinus albus, galactan from, constitution of, 1225. 


M. 


Macromolecules. See under Molecules. 
Magnesium organic compounds :— 
Magnesium ethyl bromide, reaction of, with nitro-paraffins, 
1492. 
Magnetic properties of polymerides, 1350. 
Malaria, chemotherapy of, 1034. 
Manganese :— 
Manganous chromic oxide, heats of adsorption of gases on, 
1244. 
Mannich reaction with monosubstituted acetylenic compounds, 
1578. 
9-d-Mannopyranosidoadenine, and its picrate, 357. 
9-8-d-Mannopyranosidoadenine, 355. 
9-d-Mannopyranosido-2-methylthioadenine, and its 9-tetra- 
acetyl derivative, 357. 
9-d-Mannopyranosido-2-methylthiohypoxanthine, 357. 
Mannose, determination of, 1048. 
Memorial lecture, Ernst Julius Cohen, 1700. 
Mesaconic acid, y-bromo-, diethyl ester, 1179. 
Mesitylene, ww’w’’-triiodo-, 1237. 
Mesityl oxide 2:4-dinitrophenylsemicarbazone, 1390. 
Metabolism of polycyclic compounds, 801. 
Metals, dissolving, reduction by, 102, 1642. 
of nickel, rare-earth, and zirconium groups, analysis of, 1347. 
Metallic halides, complex, crystal structure of, 1662. 
Methacrylic acid, methyl ester, diamagnetic susceptibility and 
magneto-optic rotation of, and of its polymerides, 1350. 
Methane, trinitro-, derivatives, synthesis of, 1234. 
Methionine, synthesis of, 1609 
7-Methoxyacridine, 5-amino-2-cyano-, and 5-chloro-2-cyano-, 
639. 
5-amino-3-cyano-, and 5-chloro-3-cyano-, 640. 
a-Methoxyacrylic acid, 1033. 
B-Methoxyacrylic acid, and its 2:4-dinitrophenylhydrazone, 
1032. 


oS * eee acid, 2-4’-nitro-, 


9. eethenjenitinsguinatine, 4-chloro-, 905. 
4-Methoxyanthranilamide, 894. 
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4-Methoxyanthranilic acid, 894. 
preparation of, 1038. 
5-Methoxyanthranilic acid, preparation of, 894. 
Methoxy-l-azanthraquinones, 544. 
1’-Methoxy-1:2’-azonaphthalene, 4-nitro-, 78. 
4’-Methoxy-1:1’-azonaphthalene, 4-nitro-, 78. 
4-Methoxybenzamide, 2-nitro-, 894. 
2’-Methoxy-1:2-benzanthracene, and its picrate, 940. 
2’-Methoxy-1:2-benzanthraquinone, 942. 
4-Methoxybenzoic acid, 2-nitro-, preparation of, 1038. 
er Oana acid, and its acetoxy- 
actone, . 
p-4-Methoxybenzoylpropionamide, 1195. 
B-3- and -4-Methoxybenzoylpropionic acids, 1194. 
£-3- and -4-Methoxybenzoylpropionitriles, 1193. 
$-Methoxybenzylacetone, and its semicarbazone, 196. 
4-Methoxybenzylacetoxime, 196. 
$-Methoxybutane, 2-amino-, and its derivatives, 1477. 
2-nitro-, 1476. 
4-Methoxycinnoline, 6-chloro-, 1655. 
6-Methoxycinnoline, 4-chloro-, 920. 
6-Methoxy-1:2:7:8-dibenzocarbazole, 3-amino-, and 3-nitro-, 78. 
w-Methoxy-2:4-dibenzoylresacetophenone, 1683. 
2’-Methoxydiethyl ether, 2-nitro-, 1476. 


2-Methoxy-9:10-dihydrophenanthrene, 3-hydroxy-, 3-acetyl 
derivative, 1696. 
9§-Methoxy-2:3-dihydro-f-quinindene, 12-amino-, and 12- 


chloro-, 636. 

12-hydroxy-, 1037. 
6-Methoxy-2:3-di-p-methoxyphenylindene, 1697. 
2-Methoxy-3:5-dimethylacetophenone, 538. 
2’-Methoxy-9:10-dimethyl-1:2-benzanthracene, 940, 942. 
B-(2-Methoxy-3:5-dimethylbenzoyl)acrylic acid, and a-chloro-, 

ethyl ester, 538. 
Oe ei ennaat eaten fy eee acid, 


a-(2-Methoxy-3:5-dimethylbenzoyl )butane-fy-tricarboxylic 
acid, ethyl ester, 538. 
B-(2-Methoxy-3:5-dimethylbenzoyl)propionic acid, 536. 
4’-Methoxy-4:5-dimethyldiphenylamine, 3-amino-, and _ its 
picrate, and 3-nitro-, 914. 
y-(2-Methoxy-3:5-dimethylphenyl)butyric acid, 537. 
+ -— ects c 
5-Methoxy-6:8-dimethyl-1:2:3:4-tetrahydronaphthalene, 537. 
4’-Methoxydiphenylamine-2-carboxylic acid, 4-cyano-, 640. 
5-cyano-, 639. 
1-Methoxy-4-ethoxy-3-(2’:4’-dinitrophenyl)-3:4-dihydro- 
phthalazine, 835. 
6-Methoxy-3-ethylquinaldine, 4-hydroxy-, 1038. 
Methoxyethyl-1:2:3:4-tetrahydroacridones, 1038. 
3-Methoxyflaven, 7-2’:4’-trihydroxy-, 2’:4’-dibenzoyl deriv- 
ative, 1684. 
3-Methoxyflavylium chloride, 7-2’:4’-trihydroxy-, 
benzoyl derivative, 1684. 
7-Methoxyflavylium salts, 349. 
3-Methoxyflavone, 5:7:4’-trihydroxy-. See isoKaempferide. 
4’-Methoxyflavone, 3:5:7-trihydroxy-. See Kaempferide. 
Methoxy-3-n-heptylquinaldines, 4-hydroxy-, 1038. 
2-Methoxy-A‘-cyclohexenone 2:4-dinitrophenylhydrazone, 105. 
2’-Methoxy-9:10-dihydroxy-9:10-dimethyl-9:10-dihydro-1:2- 
benzanthracene, 942. a 
5-Methoxy-1:4-dihydroxynaphthalene, 354. 
6-Methoxy-2-p-methoxyphenylindene, 1697. 
8-Methoxy-2-methyl-n-butyl alcobol, 2-nitro-, 1477. 
4-Methoxymethyl-2-(2-chlorovinyl )-1:3-dithia-2-arsacyclo- 
pentane, 595. 
1-Methoxy-4-methylcyclohexene, 1647. 
5-Methoxy-2-methyl-6-methoxymethylpyridine, and its 
picrate, 133. 
2-Methoxy-4-methylpenta-1:3-diene-1-carboxylic 
hydroxy-, lactone, 807. 
2-Methoxy-4-methylpenta-1:4-diene-1-carboxylic acid, 3- 
hydroxy-, lactone, and its 2:4-dinitrophenylhydrazone, 807. 
3-Methoxy-6-methylpicolinic acid, 133. 
2-Methoxymethylpropane-1:3-diol, 2-amino-, picrolonate, and 
2-nitro-, 1477. 
3-Methoxy-6-methylpyridazine, and its hydrochloride, 243. 
2’-Methoxy-3-methyl-2-stilbazole, and its methiodide, 1699. 
4’-Methoxy-2-methyl-2-stilbazole, and its methiodide, 1698. 


2’:4’-di- 


acid, 3- 


Index of Subjects. 





1735 
Methoxymethyl-1:2:3:4-tetrahydroacridones, 1037, 1038. 
6-Methoxy-2-methyltetrahydroisoquinoline, 193. 
1-Methoxynaphthalene, 2:4:6-trinitro-5-hydroxy-, 5-acetyl 
derivative, 353. 


5-Methoxynaphthalene, 8-amino-l-hydroxy-, l-acetyl deriv- 
ative, 354. 
l1-hydroxy-, l-acetyl derivative, nitration of, 350. 
6-Methoxynaphthalene, 2-cyano-, 162. 
5-Methoxy-1:4-naphthaquinon®, and its derivatives, 354. 
6-Methoxy-2-naphthimino-ether dihydrochloride, 162. 
5-Methoxy-1-naphthol, nitration of, 350. 
5-Methoxy-1-naphthol, mono- and di-nitro-derivatives, and their 
l-acetyl derivatives, 352. : 
2-(2’-Methoxynaphthoyl-1’)-benzoic acid, 942. 
5-Methoxy-l-naphthylamine, 2:4-dinitro-, 
derivative, 355. 
ee and -f-naphthylamines, 
1 


2-Methoxy-1-naphthylmethylenexylidines, 1047. 

o-Methoxy-p-nitrophenylhydrazine, 465. 

4-Methoxy-3-(2’:4’-dinitropheny] )-4-methyl-3:4-dihydro- 
phthalazine, 1-hydroxy-, 836. aie 

2-Methoxyphenanthrene, 3-hydroxy-, and its acetyl derivative, 
1697. 


and its acetyl 


m-Methoxyphenyl cyanide, preparation of, 161. 
4-Methoxyphenyl cyanide, 2-nitro-, preparation of, 1038. 
3-Methoxyphenylalanine, §-4-hydroxy-, preparation of, 1695. 
N-p-Methoxyphenyl-N’-m-aminophenylguanidine, hydro- 
chloride, 916. 
B-3-Methoxyphenylbutyramide, 196. 
y~(p-Methoxyphenyl)butyric acid, a-amino-, 1572. 
p-Methoxyphenylcyanamide, 916. 
Sra, and 
N-p-Methoxyphenyl-N ’-p-f-diethylaminoethylaminophenyl- 
guanidine, 916 


3-(2’-Methoxyphenyl)-3:4-dihydrophthalazine-4-acetic acid, 1- 
hydroxy-3-4’-amino-, 1-hydroxy-3-4’-nitro-, and their deriv- 
atives, 464. 

3-(2’-Methoxypheny] )-3:4-dihydrophthalazine-1-sulphonic-4- 
acetic acid, 3-4’-nitro-, sodium hydrogen salt, 463. . 

p-Methoxyphenyldi-f-methylallylphosphine, and its mercuri- 
chloride, 1449. 

m-Methoxyphenylethynylcarbinol, 348. 

m-Methoxyphenyl ethynyl ketone, 348. pert 

3’-Methoxyphenylindole, 3-4’-hydroxy-, and its derivatives, 
1695. 

4-Methoxy-4-phenyl-3-methyl-n-butyl cyanide, 3-nitro-, 1507. 

p-Methoxyphenylmethyl-di-f-methylallylphosphonium iodide, 
and its salts, 1449. . 

2’-Methoxy-3-phenyi-1-methylphthalaz-4-one, 4’-amino-, and 
its acetyl derivative, 4’-nitro-, 467. ‘ 
2’-Methoxy-3-phenyl-4-methylphthalaz-l-one, 4’-amino-, and 
its acetyl derivative, 467. 
4’-nitro-, and its picrate, 466. : 
2’-Methoxy-N-phenyl-3-methylphthalimidine, 4’-amino-, and 
its acetyl derivative, 468. 

y-(Methoxyphenyl)-a-methyl-n-propylamines, salts of, 196. 

2-m-Methoxyphenyl-f-naphthopyrylium salts, 348. _ 

N-p-Methoxyphenyl-N ’-m-nitrophenylguanidine, and its hydro- 
chloride, 916. 


its mercurichloride, 


' 2’-Methoxy-3-phenylphthalaz-l-one, 4’-amino-, and its acetyl 


derivative, . 
4’-nitro-, and its picrate, 464. 
2’-Methoxy-3-phenylphthalaz-4-one, 4’-amino-, and its acetyl 
derivative, and 4’-nitro-, 465. 
2’-Methoxy-N-phenylphthalimidine, 4’-amino-, and its acetyl 
derivative, 
p-Methoxyphenylpropaldehyde, and its semicarbazone, 1572. 
o-Methoxyphenylpropiolic acid, dimerisation of, 224. 
a~(2-Methoxyphenyl)propylamine, picrate, 196. 
9-p-Methoxyphenylxanthen, 1000. 
3-Methoxyphthalic acid, 6-nitro-, 355. 
3-Methoxyphthalic anhydride, 6-nitro-, 354. 
1-Methoxycyclopropane-l-carboxyamide, 1034. 
2-Methoxypropiophenone oxime, 196. 
3-Methoxy-n-propyl alcohol, 2-nitro-, 1476. ; 
Methoxy-n-propylbenzenesulphonic acids, hydroxy-. See Di- 
hydroeugenolsulphonic acids. 
6-Methoxyquinaldine, 4-substituted derivatives, 1552. 
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6-Methoxyquinaldine-4-sulphonic acid, 1553. 

7-Methoxyquinazoline, 2:4-dichloro-, and 2:4-dihydroxy-, 899. 

6- and 7-Methoxyquinazolones, 4-chloro-, 895. 

5-Methoxyquinoline, and its salts, 440. 

7-Methoxyquinoline, and its dichromate, 441. 

5-Methoxyquinoline-8-carboxylic acid, 440. 

B-6-Methoxyquinolyl(4)acrylic acid, 1686. 

4-(8’-Methoxy-6’-quinolylamino)-2-f-diethylaminoethylamino- 
6-methylpyrimidine, and its trihydrochloride, 1619. 

ss: ce i 4-chloro-, 


o(Metnoxyquinoplamino)--hydroxy-6-methyoyrimiine, 


p-4-Methoxyquinclyl{é)ethstemine, synthesis of, and its di- 
hydrochloride, 1684, 1687. 

B-6-Methoxyquinolyl(4)ethylguanidine, synthesis of, and its 
nitrate, 1684, 1687. 

eo, 


P. . a n synthesis of, and its 
benzoate, 1684, 1687. 

B-6-Methoxyquinolyl(4)propionic acid, and its derivatives, 1686. 

a and its a-naphthylurethane, 


Methoxy-1:2:3:4-tetrahydroacridones, 1036, 1037. 
y-6-Methoxy-1:2:3:4-tetrahydro-l-naphthylidenecrotonic acid, 
and its methyl ester, 1364. 
7-Methoxytetralin, 1-amino-, and its hydrochloride, 196. 
7-Methoxy-1-tetralone oxime, 196. 
1-Methoxythioxanthone, 4-amino-, 1234. 
a~(4-Methoxy-m-tolyl)ethylamine, picrate, 196. 
Methyl 2-aminoethyl ether, picrate, 1476, 1477. 
2-aminoethy] sulphide, 1479. 
2:4-diamino-2-methylamyl ether, and its bis-2:4- dinitro- 
—— derivative, 1492. 
nzoyloxyethyl sulphide, 769. 
P-benzoylpropimino-et er hydrochloride, 1195. 
2-benzylaminoethyl sulphide, and its salts, 771. 
4. bromonitro-2-nitro-2-methylamyl ether, 1491. 
cyanide, amino-, and its derivatives, 1371. 
ether, reaction of, with benzene, 928. 
2:3-dimercaptopropyl ether, 594. 
nitro-tert. “butyl © a. 1476. 
2-nitroethyl ether, 1475. 
2-nitroethyl sulphide, 1479. 
2:4-dinitro-2-methylamy] ether, 1491. 
2:4-dinitro-2-methylamy] sulphide, 1492. 
2-nitro-1-methylpropy] sulphide, 1478. 
2-nitro-1-phenylethy] sulphide, 1479. 
2-nitzo-1-phenyl-n-propy! ether, 1476. 
2-nitro-n- and -iso-propyl ethers, 1476. 
2-nitropropyl sulphide, 1479. 
2-phenoxyethyl sulphide, 770. 
$-Methyl 1:2-acetone 5:6-anhydroglucose, preparation of, 1677. 
2-Methyl acetone L-arabinose, and its anilide, 1344. 
3-Methy! 1:2-acetone /-arabinose, 1063. 
3-Methyl 1:2-acetone glucofuranose barium 6-sulphate, 1677. 
2-Methyl 3:4-acetone 6-methyl-1-arabopyranoside, 1343. 
6-Methyl 3:4-acetone 6-methylgalactoside, and its barium 2- 
sulphate, 1677, 1678. 
4-Methylacetophenone, 3-amino-, 3-acetyl derivative, 3- 
bromo-, 5-bromo-2-amino-, -2-hydroxy-, and -2-nitro-, 5- 
chloro-2-amino-, and -2-nitro-, 3-chloro-2-nitro-, 2- and 3- 
nitro-5-amino-, 2-nitro-3-amino-, and their acetyl deriv- 
atives, 229. 
4-Methyl-2-(w-acetylsulphanilamidodecyl)thiazole, 1377. 
4-Methyl-2-(1’-acetylsulphanilamidoethyl)thiazole, 1376. 
4-Methyl-2-(2’-acetylsulphanilamidoethyl)thiazole, 1376. 
4-Methyl-2-acetylsulphanilamidomethylthiazole, 1373. 
4-Methyl-2-(3’-acetylsulphanilamidopropyl)thiazole, 1377. 
10-Methylacridinium halides, chloro- and fluoro-amino-, 762. 
a-Methylaltroside, 2-bromo-, 16. 
2-chloro-, 14. 
4-Methylamino-2’-N-benzenesulphonylcarbamyldiphenyl 
phide, and its nitroso-derivative, 1232 
2-Methylamino-6-benzyloxypyrimidine, 4-chloro-, 732. 
4-Methylamino-2’-carboxydiphenyl sulphide, and its acetyl 
derivative, 1232. 
ee eee sulphide-3-sulphonic acid, 


aaa-trichloro-8-hydroxy-, 


sul- 
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4-Methyl-2-(w-aminodecyl)thiazole, 1377. 

2-Methylamino-4:6-dibenzyloxypyrimidine, 732. 

4-Methylamino-2:6-dibenzyloxypyrimidine, 732. 

8-Methylamino-3:7-dimethylacridine, 2-amino-, 249. 

Methyl 2-aminoethyl sulphone, 1479. 

4-Methyl-2-(1’-aminoethyl)thiazole, 1375. 

4-Methyl-2-(2’-aminoethyl)thiazole, 1376. 

2-Methylamino-4-hydroxydiaza-acridine, 734. 

2-Methylamino-4:6-dihydroxypyrimidine, 732. 

4-Methylamino-2:6-dihydroxypyrimidine, 732. 

1-Methylamino-7-hydroxytetralin, N-methylurethane, 195. 

1-Methylamino-5-methoxynaphthalene, 2:4:8-trinitro-, 355. 

4-Methyl-2-aminomethylthiazole, 1373. 

4-Methyl-2-aminomethylthiazole-5-carboxylic acid, and its 
hydrochloride, 1373. 

Methyl 2-aminopropyl! sulphone, 1479. 

4-Methyl 2-(3’-aminopropyl)thiazole, 1377. 

2-Methylaminothioxanthone, 1233. 

Methylammonium thiocyanate, 394. 

N-Methyl-N’-n-amylbenzamidinium picrate, 385. 

5-Methyl-5-n-amyl-2:4-dithiohydantoin, 683. 

2-N-Methylanilino-4:6-dihydroxypyrimidine, 1247. 

2-(Methylanilino)isoindolinone-3-acetic acid, 2-(2’:4’-dinitro)-, 
methyl ester, 833. 

ean ER hydrochlor- 
ide, 947. 

N-Methylanilinophosphonic acid, dibenzyl ester, 677. 

4-N-Methylanilinopyrimidine, 2:6- and 4:6-dichloro-, 1247. 

2-Methylanilinoquinoline, 4-chloro-, 905. 

3-Methyl-2-anilinoethylidenebenzthiazoline, 6-nitro-, 957. 

1-Methyl-2-aniloethylidenedihydroquinoline, 958. 

3-Methyl-2-aniloethylidenethiazolidine, 959. 

2-Methyl p-arabinose, and its derivatives, 1343. 

2-Methyl L-arabinose phenylhydrazone, 1344. 

3-Methyl /-arabinose, 1062. 

3-Methy] /-arabofuranolactone, 1063. 

3-Methy] /-arabonamide, 1064. 

3-Methy] /-arabonanilide, 1063. 

2-Methylisoarsindoline, 5-chloro-, and its derivatives, 669. 

Methylation, biological, 424. 

N-Methylbenzamidinium benzenesulphonate, 385. 

4-Methyl-2-(-benzamidodecyl)thiazole, 1377. 

4-Methyl-2-(1’-benzamidoethyl)thiazole, 1375. 

4-Methyl-2-(2’-benzamidcethyl)thiazole, 1376. 

4-Methyl-2-benzamidomethylthiazole, 1373. 

4-Methyl-2-benzamidomethylthiazole-5-carboxylic acid, and its 
ethyl ester, 1373. 

6-Methyl-1:2-benzanthracene, 10-hydroxy-, 
ative, 765. 

2-Methyl-3-(2’-benzoylvinyl)indole, 1631. 

Methyl-11:12-benzthionaphthindoles, and their dipicrates, 657. 

5-Methylbenzyldimethylamine, 2-hydroxy-, N-methylurethane 
hydrochloride, 195. 

2-Methylbenzyl-2-methylisoarsindolinium bromide, 
(chloro-2-bromo)-, 669 

1-p-Methylbenzylnaphthalene-2-carboxylic acid, 765. 

2-Methyl-6-bromomethylpyridine, 5-hydroxy-, hydrobromide, 
133. 

3-Methylbuta-1:3-diene, 2-nitro-, 1474. 

2-Methylbutan-2-ol, 3-amino-, and 1- and 3-nitro-, 1519. 

3-Methylbut-3-ene, 2-nitro-l1-hydroxy-, and its l-acetyl deriv- 
ative, 1474. 

3-Methyl-n-butyl cyanide, 3-nitro-, and its derivatives, 1506. 

Methylbutylamine, 2-nitro-2-hydroxy-, hydrochloride, 928. 

5-Methyl-5-butyl-2:4-dithiohydantoins, 683. 

3-Methyl-n-butyl-1-phosphonic acid, diethyl ester, 1467. 

4-Methylcarbazole, and 1-chloro-, and their picrates, 1560. 

4-Methyl-7-carbethoxycinnoline ethiodide, 811. 

4-Methyl-5-carbethoxymethylthiazole-2-aldehyde p-dimethy]- 
aminoanil methiodide, 1402. 

2-Methylcinnamic acid, 4-bromo-, 692. 

4-Methylcinnoline, and 6- and 7-chloro-, and their derivatives, 
811. 

4-Methylcinnolines, preparation of, 808. 

7-Methylcinnoline, 6-bromo-4-hydroxy-, and 6- and 8-chloro- 
4-hydroxy-, 230. 

4-Methylcinnoline-7-carboxylic acid, ethyl ester, 810. 

1-Methyl-4-cinnolone, 6-chloro-, 1655. 

 -".- prremrs and their deriv- 
atives, 517. 


10-acetyl deriv- 


5-chloro-2- 















ro)-, 


d its 


eriv- 


ives, 


loro- 


eriv- 








Methyl-2-chloroethyl-2-[2-(2-chloroethoxy)ethoxy jethylamine, 
and its salts, 532. 
Methyl-2-chloroethyl-2-(2-chloroethoxy)ethylamine, 
derivatives, 517, 532. 
Methyl-2-chloroethyl-2-hydroxyethylamine, 517. 
Methyl-2-chloroethyl-2-hydroxyethylammonium salts, 519. 
N-Methyl-N-2-chloroethylmorpholinium salts, 518, 532. 
2-Methyl-4-chloromethyl-1:3-dithiolan, 594. 
4-Methyl-2-(2-chlorovinyl)-1:3-dithia-2-arsacyclopentane, 595. 
4-Methyl-2-(2-chlorovinyl)-1:3-dithia-2-arsacyclopentane, 
4-hydroxy-, 595. 
ee ae ee ag 1440. 
6-Methyl-1:2:3:4-dibenzphenazine, 440. 
3-Methyl-3’:4’-di-iert.-butyl-1: 7’-thionaphthenacenaphthenyl- 
indigo, 5-chloro-, 746. 
Methyldi-2-(2-chloroethoxy)ethylamine, and its salts, 533. 
Methyldi-(2-chloroethyl)amine, and its mercurichloride, 516. 
Methyldi-(2-chloro-n-propyl)amine, and its picrate, 517. 
Methyldichlorosilane, 1593. 
N-Methyl-N-2’-diethylaminoethylphenol, 
its derivatives, 188. 
2-Methyl-5-(-diethylaminopropylamino)-3:4:2’:3’-pyrido- 
acridine, 8-chloro-, 681. 
N-Methyl-N N’-diethylbenzamidinium picrate, 385. 
N-Methyl-N’ N’-diethylbenzamidinium salts, 385. 
N-Methyl-N’ N’-diethyl-N-6-methylamino-n-hexylurea, 315. 
N-Methyl-N’ N’-diethyl-N-3-methylaminopropylurea, 315. 
Methyl-5:7-diethyl-1-oxa-3-azacyclooctane, 5:7 -dinitro-3- 
hydroxy-, and its hydrochloride, 926. 
—- :3-benzthiazine-4-one, and its derivatives, 


and its 


4-amino-, and 


—— 5-amino-, and its derivatives, and 5- 
nitro-, 126. 
0-Methyldihydroeugenolsulphonic acids, and their derivatives, 


6-Bothylthytroncostrychaine, BB-N(b)-hydroxy-, 1559. 
4-Methyl-3:6-dihydroveratrole, 105. 
‘eben ene and its di-p-nitrobenzoate, 


Methyldi-(2-hydroxy-n-propyl)amine, and its picrate, 517. 

Methyl dimethylaminoéert.-butyl ketone, salts of, 59. 

Methyldi-n-nonylamine hydrochloride, 200. 

4-Methyldiphenyl ether, 2:2’-dibromo-, 2-bromo-2’-amino-, 2’- 
a 2-bromo-2’-nitro-, and 2’-bromo-2-nitro-, 

Methyldi-(2-isothioureido-S-ethyl)amine, 321. 

2-Methyl 3:5-ditrityl methylxylofuranoside, 850. 

Methylene bases, heterocyclic, and their anilomethyl deriv- 
atives, 954. 

Methyleneanthrone, reaction of, with phenanthraquinone, 998. 

Methylenediphosphonic acid, tetraethyl ester, 1467. 

Methyl-2-ethoxyethylamine, and its picrolonate, 313. 

4-Methylethylamino-2’-N-benzenesulphonylcarbamyldiphenyl 
sulphide, 1232. 

4-Methylethylamino-2’-carboxydiphenyl sulphide, 1232. 

— sulphide-3-sulphonic 

2-Methylethylaminothioxanthone, 1233. 

Methylethylammonium salts, 385. 

4-Methyl-3-ethyl-2-aniloethylidene-4‘-thiazoline, 959. 

N-Methyl-N’-ethylbenzamidine, and its picrate, 385. 

&-Methyl-3-ethyl-2-dianilo‘sopropylidene-4*-thiazoline, 1440. 

5-Methyl-5-ethyl-2:4-dithiohydantoin, 683. 

2-Methyl-5-ethylpyrimidine, 4:6-dichloro-, 
hydroxy-, 1360. 

fe: tact 0g ma lannaaamcaaermmaaaiel 
azamethincyanine iodide, 1658. 

2” i 10-chloro-, and its picrate, 


Methylethyltrimethylenediamine hydrochloride, 314. 
6-Methylflavylium ferrichloride, 349. 
Methylfuran 2-iminoether hydrochloride, 398. : 
Methylfuran, 2-cyano-5-hydroxy-, 5-acetyl derivative, 398. 
2-Methylfuran. See Sylvan. 
a-Methylglucoside, 3-bromo-, 16. 

3-chloro-, 14. 
1-Methylcyclohexane-2-thiol, 1537. 
2-Methylcyclohexanethiol, 138. 
8-Methylcyclohexanols, optically-active, and their esters and 
their salts, 205. 


and 4-chloro-6- 
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1 r - _n $-one 2:4-dinitrophenylsemicarbazone, 
5-Methyl-2-cyclohexenone 2:4-dinitrophenylhydrazone, 1270. 
5-Methyl-5-isohexenyl-2:4-dithiohydantoin, 683. 
Methylcyclohexyl isoamy! sulphide, 40. 
pheny! sulphides, 40. 
Methylcyclohexyl isoamyl sulphone, 40. 
5-Methyl-5-cyclohexyl-2:4-dithiohydantoin, 683. 
Methylcyclohexylglycollic sulphones, 39. 
Methyl-n-hexyl-n-octylamine oxalate, 200. 
Methylcyclohexyl phenyl sulphones, 40. 
Methylcyclohexylthioglycollic acids, 39. 
Methyl-2-(2-hydroxyethoxy)ethylamine, and its salts, 532. 
Methyl-2-hydroxyethyl-2-acetoxyethylamine, 517. 
Methyl-2-hydroxyethyl-2-[2-(2-hydroxyethoxy)ethoxy jethyl- 
amine, and its salts, 531. 
Methyl-£-hydroxyethyi-£-(2-hydroxyethory)ethylamine, and its 
ts 
3-Methyl-2-hydroxymethylbut-3-ene, 2-nitro-1-hydroxy-, 1473. 
2-Methyl-4-hydroxymethyl-1: 3-dithia-2-arsacyclopentane, 595. 
2-Methyl-4-hydroxymethyl-1:3-dithiolan, 594. 
1s Ute cet 5-hydroxy-, and its picrate, 
2-Methyliminazole-4-carboxylic-l-acetic acid, ethyl ester, 102. 
5-Methylimino-1:2:2-trimethylpyrrolidine, and its picrate, 1511. 
Methyl mesityl oxide oxalate, isomerisation of, in chloro- 
benzene solution, 24. 
Methyl-2-methoxyethylamine, and its picrolonate, 313. 
2-Methyl £-methyl-t-arabopyranoside, 1343. 
6-Methyl £-methylgalactoside barium 2-sulphate, 1678. 
—— a-methyl-p-galacturonoside, amide and methy] ester, 
—— :4:5-thiazole-3’-aldehyde, 4’-hydroxy-, 
a 
2-Methyl-8-naphthopyrylium ferrichloride, 348. 
4-Methyl-1:8-naphthyridine, 7-amino-2-hydroxy-, 1410. 
2-chloro-7-amino-, and its 7-acetyl derivative, 1409. 
N-Methyl-p-nitrobenzamidine, and its picrate, 1113. 
Methyl 3-nitro-3-p-bromophenylpropyl sulphone, 1517. 
oe 2-nitro-1:2-dimethylpropyl ketoxime, and its derivatives, 
Methyl-2-nitroethylaniline, hydrochloride, 1489. 
Methyl 2-nitroethyl sulphone, 1479. 
Methyl-2:4-dinitro-4-hydroxymethyl-2-ethylhexylamine, 
hydroxy-, salts, 926. 
Methyl-2-nitroisopropylaniline, and its derivatives, 1489. 
Methyl 2-nitropropyl sulphone, 1479. 
2-Methyloxazole, and its picrate, 101. 
2-Methyloxazole-4-carboxylic acid, and its ethyl ester, 101. 
3-Methylpentadecane, 2-amino-, and 2-nitro-, 1499. 
N-Methyl-N’N’ “«pentamethylenebensamidinium salts, 385. 
5:5-Methylcyclopentamethylene-2:4-dithiohydantoins, 683. 
5:5-(3’-Methylcyclopentamethylene)-2-thiohydantoin, 686. 
2-Methylpentane, 2:4-diamino-, and its derivatives, 1398. 
and its NN’-dibenzoyl derivative, 2-bromonitro-4-nitro-, 
and 2:4-dinitro-, 1491. 
3-Methylpentane, 2-amino-, and its picramide, and 2-nitro-, 
1497 


2:4-dibromonitro-, and 2:4-dinitro-, 1491. 
4-Methylpentane-3-sulphonic acid, 2-amino-, 1484. 
oe a a i eg ae acid, methyl ester, 1567. 
i <- ~el -amino-, hydrochloride, 375. 
1-chloro-, 375. 
4-Methylpent-2-ene, 2-nitro-, 1484. 
physical properties of, 1105. 
3-Methylpent-3-en-2-one 2:4-dinitrophenylsemicarbazone, 
1390. 
4-Methylpent-4-en-1-yne-1-carboxylic acid, 3-hydroxy-, and its 
derivatives, 806. 
9-Methylphenanthridine, 7-amino-, 71. 
2:7-diamino-, and its acetyl derivative, 71. 
3-bromo-, and 3-cyano-, 85. 
1-Methyl-p-phenanthrol-2-one, 1660. 
2-Methylphenanthroxazole, 652. 
Methylphosphonic acid, alkyl esters, 1466. 
4-Methyl-2-(3’-phthalimidopropyl)thiazole, 1377. 
6-Methylpicolinic acid, 5-hydroxy-, 133. 
3-Methylpiperolidine-2-picoline, and its methiodide, 1699. 
a + ratacacmane l-nitro-2-amino-, and its hydrochloride, 
488. 
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2-Methylpropane-2-sulphonic acid, l-amino-, and 1-nitro-, 
salts, 1483, 1484. 

2-Methylprop-l-ene, 1-nitro-, physical properties of, 1105. 

1-Methyl-n-propyl cyanide, 2-amino-, and its derivatives, and 
2-nitro-, 1502. 

Methyl-n-propylaminoethyl benzilate hydrochloride, 60. 

1-Methyl-n-propylaniline, 2-nitro-, and its salts, 1489. 

N-Methyl-N’-propylbenzamidinium salts, 385. 

5-Methyl-5-propyl-2:4-dithiohydantoin, 683. 

oy ~ naeecie tate 


2-Methylpurine, 6-hydroxy-8-mercapto-, 946. 
4-Methylpyrazole-3:5-dicarboxylic acid, methyl ester, 1033. 
6-Methylpyridazine, 3-amino- and 3-chloro-, and their deriv- 
atives, 242. 
6-Methyl-3-pyridazinone, 241. 
6-Methyl-3-pyridazone salts, 241. 
2-Methylpyridines, 2-cyclohexenones from, 1270. 
2-Methylpyridine, 3- and 5-hydroxy-, and their picrates, 132. 
2-Methyl-3:4:2’:3’-pyridoacridine, 5:8-dichloro-, 681. 
2-Methyl-3:4:2’:3’-pyridoacridone, 8-chloro-, 681. 
2-Methylpyrimidine, 2:5-diamino-4:6-dihydroxy-, and _ 5- 
nitroso-4:6-dihydroxy-2-isonitroso-, and their salts, 947. 
5-Methylpyrimidine, 4:6-dichloro-, 4-chloro-6-amino-, and 4:6- 
dihydroxy-, 49. 
4-chloro-2-amino-, 4-chloro-2:6-diamino-, and 4:6-dichloro- 
2-amino-, 45, 47. 
6-Methylpyrimidine, 5-bromo-2-amino-4-hydroxy-, 
chloro-5-bromo-2-amino-, 46. 
2-Methylpyrroline, 5-amino-, N-oxide, 1511. 
3-Methylquinoline, 2:4-dichloro-, and 2:4-dihydroxy-, 908. 
7-Methylquinoline, 8-amino-, and its acetyl derivative, 441. 
8-Methylquinoline, 6-amino-, and its acetyl derivative, and 6- 
nitro-, 681. 
7-chloro-, and its salts, 442. 
8’-Methyl-6’-quinolylanthranilic acid, 4-chloro-, and its ethyl 
ester, 681. 
3-Methyl-2-stilbazole, and 2’-, 3’-, and 4’-nitro-, 1698. 
3-Methyl-2-stilbazolealkine, 2’-, 3’-, and 4’-nitro-, 1698. 
2-Methylstilbene, cis-4-bromo-4’-cyano-, and cis- and trans- 
4:4’-dicyano-, 691. 
cis-2-Methylstilbene-a-carboxylic acid, 4-bromo-4’-cyano-, 691. 
ocr and their a-naphthylurethanes, 


4-Methyl-2-(«w-sulphanilamidodecyl)thiazole, 1377. 

4-Methyl-2-(1’-sulphanilamidoethyl)thiazole, 1376. 

4-Methyl-2-(2’-sulphanilamidoethyl)thiazole, 1376. 

4-Methyl-2-sulphanilamidomethylthiazole, 1373. 

4-Methyl-2-(3’-sulphanilamidopropyl)thiazole, 1377. 

p-Methylsulphonylbenzamidine, and its toluene-p-sulphonate, 
1114, 


and 4- 


thiocyanate, 391. 
1-(4’-Methylsulphonylpheny]l)-2:7-diazacycloheptene, 
derivatives, 500. 
2-(4’-Methylsulphonylphenyl)dihydroglyoxaline, and its deriv- 
atives, 500, 504. 
2-(4’-Methylsulphonylpheny])-3:4:5:6-tetrahydropyrimidine, 
and its toluene-p-sulphonate, 500. 
7-Methyl-1:2:3:4-tetrahydroacridone, 1037. 
5-Methyl-1:2:3:4-tetrahydrocarbazole, 8-chloro-, 1560. 
1-Methyltetrahydroquinoline, 7-hydroxy-, and its N-methyl- 
urethane methiodide, 188, 190. 
8-hydroxy-, N-methylurethane, and its methiodide, 190. 
1-Methyl-1:2:3:4-tetrahydroquinoline, 7-hydroxy-, 186. 
2-Methyltetrahydroisoquinoline, 6-mono- and 5:6- and 6:7-di- 
hydroxy-N-methylurethanes, and their derivatives, 194, 195. 
5:5-2’-Methylcyclotetramethylene, 683. 
= 2-amino-4-mercapto-, and its derivatives, 
324. 
5-amino-2-mercapto-, hydrochloride, 1607. 
4-Methylthiazole-5-acetic acid, 2-amino-, and its ethyl ester, 
and their hydrochlorides, 591. 
2-Methylthiazole-4-carboxylic acid, 2-amino-, benzoyl deriv- 
ative, and its ethyl ester, 1374. 
2-Methyl-4-thiazolylacetic acid, 2-amino-, benzoyl derivative, 
and its ethyl ester, 1374. 
y-Methylthio-n-butyronitrile, a-amino-, oxalate, 1611. 
2-Methylthio-4-carbethoxythiazole, 5-amino-, and its hydr- 
iodide, 1608. 
Methyl-2:2’-dithiocyanodiethylamine, hydrochloride, 322. 


and its 
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2-Methylthio-5:6-dimethylpyrimidine, 4-amino-, 48. 
4-chloro-, and 4-hydroxy-, 47. 
5-8-Methylthioethyldithiohydantoin, 1612. 
2-Methylthio-4-(2’-furyl)thiazole, 1658. 
Methyl-2:2’-dithioldiethylamine, and its derivatives, 321. 
8-Methylthio-2-methylpurine, 6-chloro-, 947. 
6-hydroxy-, 946. 
2-Methylthio-6-methylpyrimidine, 4-amino-, 49. 
8-Methylthio 8-methyl-/-xylopyranoside, 971. 
Methylthionaphthindoles, and their picrates, 657. 
2-Methylthio-4-phenylthiazole, hydrobromide, 1658. 
2-Methylthio-4-phenylthiazole, 5-amino-, and its derivatives, 
1604. 
2-Methylthio-4-phenylthiazole-5-azo-8-naphthol, 1604. 
B-Methylthiopropaldehyde dinitrophenylhydrazone, 1611. 
2-Methylthiopyrimidine, 4:5:6-triamino-, 4-mannosidy]-5-thio- 
formyl derivative, and 4:6-diamino-5-nitroso-, 4-mannosidy] 
derivative, 356. ' 
4-Methylthioquinazoline, 2-chloro-, 780. 
Methyltriallylphosphonium iodide, 1448. 
Methyltri-8-methylallylarsonium iodide, 1450. 
Methyltri-8-methylallylphosphonium iodide, 1449. 
l-O-Methyltubocurarine iodide, 937. 
y-Methyl-n-valeric acid, a-amino-y-mercapto-, 1612. 
Methyl vinyl sulphone, 1515. 
Micro-organisms, synthesis of macromolecules by, 853. 
Molecular compounds. See under Compounds. 
Molecular volume. See under Volume. - 
Molecular structure, of dicarboxylic acids, 1145. 
Molecules, macro-, chemistry of, 252. 
infra-red spectroscopy of, 289. 
synthesis of, by micro-organisms, 853. 
Monosaccharides, action of acetone derivatives of, with sul- 
phuric acid, 1461. 
Morphine series, 399. 
Morpholine-N-carboxyl chloride, 313. 
Moulds, fission of sulphide linkages by, 424. 
Mucic acid, thallous salt, 1381. 
Muscle adenylic acid, preparation of, 648. 
Mutachrome, pro-vitamin-A activity of, 131. 
Mydriatics, synthetic, 55, 164. 


Naphtha, commercial, indene recovery from, 369. 
1-Naphthaldehyde, 2-hydroxy-, anils, 977. 
Naphthalene, chloromethylation of, 1432. 
fluorescence of, in various solvents, 108. 
Naphthalene, 6-bromo-2-cyano-, and 6-hydroxy-2-cyano-, and 
its 6-acetyl derivative, 162. 
2:4-dibromo-1-nitro-, 128. 
2-bromo-7-nitro-, 1:2-dibromo-7-nitro-, 2-chloro-6- and -7- 
nitro-, 2-iodo-6- and -7-nitro-, 329, 330. 
1:5-dihydroxy-, and its 1:5-diacetyl derivative, nitration of, 
350 


1:5-diiodo-, 81. 

1:4-dinitro-, preparation of, 1393. 

1:8-dinitro-, preparation of, 1109. 

di-, tri- and tetra-nitro-1:5-dihydroxy-, 353. 
Naphthalene-1:4- and -1:5-diacetonitriles, 1434. 
2-Naphthaleneazo-f-naphthol, 1-bromo-, 1391. 
2-Naphthaleneazo-8-naphthylamine, 1-bromo-, 1391. 
Naphthalene-2:1’-azo-6’- and -7’-nitro-2’-naphthols, 6- and 7- 

nitro-, 331. | 
eae cong ee Bape geen, 

¥ 
1:5-Naphthalenebisazo-f-naphthol, 81. 
1:5-Naphthalenebisazo-8-naphthylamine, 81. 
Naphthidine transformation involving f-positions, 1390. 
periNaphthindanetrione, derivatives, 130. 
1-Naphthol, 2:4-di- and 2:4:6-tri-nitro-5-hydroxy-, 5-acetyl 

derivatives, 353. 
2-Naphthol, 7-nitro-, preparation of, and its acetate, 327. 
B-Naphthol-1-sulphonic acid, diazosulphonates from, reaction 

of, 461, 468. 
1:2-Naphtho-p-nitrophenyltriazole, 6- and 7-nitro-, 1061. 

B-1- and -2-Naphthoylpropionitriles, 1194. 
a-Naphthylamine, 6- and 7-nitro-, reactions and derivatives of, 
1060. 
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?-Naphthylamine, 5-amino-, 2-acetyl derivative, 5-, 6-, and 

8-chloro-, 6-chloro-2-nitro-, 548. 

1-bromo-, preparation of, 1391. 

7-bromo-, 7:8-dibromo-, 1-bromo-7-nitro-, 6- and 7-chloro-, 
6- and 7-iodo-, 329, 330. 

dichloro-, and 1-chloro-6-amino-, and their acetyl derivative, 
543. 

6- and 7- nitro-, reactions and derivatives of, 327. 

1:7-dinitro-, 1061. 

$-(a- and -8-Naphthylamino)-4:5-benzocoumarans, 1047. 

§-Naphthylaminophosphonic acid, dibenzyl ester, 677. 

?-8-Naphthylaminoquinoline, 4-chloro-, and 4-chloro-2-6’- 
bromo-, 905. 

%Naphthyldihydroglyoxalines, and their derivatives, 500. 

?-Naphthyldihydroglyoxalinium salts, 502. 

1-Naphthyl f-dimethylaminoethyl ketone, hydrochloride, 1192. 

1-(1-Naphthyl)-2:2-dimethylpropyl cyanide, 3-nitro-, 1505. 

Naphthylenediamines, tetrazotisation of, 81. 

1:5- and 1:8-Naphthylenediamines, tetranitro-, 81. 

?Naphthylhydrazine, 1-chloro-, 543. 

4-(2’-Naphthylimino)pentan-2-one, chloro- and chlorobromo-, 
and 4-7’-hydroxy-, derivatives, 547. 

2-(1’-Naphthylmethyl)dihydroglyoxaline, and its salts, 500. 

2-(1’-Naphthylmethyl)dihydroglyoxalinium chloride, 502. 

1-Naphthylmethylene-o-3-xylidine, 2-hydroxy-, 1047. 

2-(1’-Naphthylmethy1!)-3:4:5:6-tetrahydropyrimidine, 
derivatives, 500. 

a- and B-Naphthyl isonitrosobenzyl ketones, 60. 

9-a-Naphthylthioxanthhydrol, 999. 

9§-a-Naphthylthioxanthen, 999. 

9-a-Naphthylthioxanthyl peroxide, 1000. 

9-a-Naphthylxanthen, 999. 

1:8-Naphthyridines, preparation of, from 2:6-diaminopyridine, 
1407. 

Neocyanines, synthesis of, 1434. 

2-Nicotinamidodiphenyl, and 4’- and 5-nitro-, 1413. 

isoNicotinic acid, picrate, 1630. 

Nitration in sulphuric acid, 474, 1185. 

Nitric acid. See under Nitrogen. 

Nitriles, alkylation of, with alkyl halides and sodamide, 740. 

2-Nitro-alcohols, dehydration of, 1471. 

Nitro-compounds, aliphatic, 1471, 1472, 1474, 1477, 1481, 1485, 
1486, 1489, 1492, 1494, 1497, 1500, 1504, 1505, 1508, 1511, 
1514, 1517. 

Nitrogen oxides, absorption of, in aqueous nitric acid, 790. 
Nitric acid, aqueous, absorption of nitrous gas by, 790. 

Nitrogen organic compounds, spectra of, absorption, 331. 

Nitro-groups, replacement of diazonium groups by, 127, 1392. 

Nitro-olefins, preparation of, 1471. 
spectra of, absorption, ultra-violet, 1104. 

a-Nitro-olefins, action of Grignard reagents on, 1494. 
addition of nitro-paraffins to, 1489. 
addition of thiols to, 1477. 
1:4-addition of organometallic halides to, 1497. 
reaction of, with arylmethyl cyanides, 1504. 

with hydrochloric acid, 1485. 
with sodium hydrogen sulphite, 1481. 
Nitro-paraffins, condensation of, with hydroxymethyldialkyl- 
amines, 1511. . 
preparation of, 1497. 
reaction of, with ethylmagnesium bromide, 1492. 
with ketones, 1517. 
with unsaturated cyanides, 1505. 
with unsaturated sulphones, 1514. 

1:3-diNitro-paraffins, preparation of, 1489. 

Nitrous gas. See Nitrogen oxides. 

Non-2-en-4-yn-1-ol, and its a-naphthylurethane, 1585. 

Nonoxyamine hydrohalides, 967. 

Nonoxyguanidine nitrate, 967. 

Nonoxynonylurethane, 967. 

Nonoxyurethane, 967. 

Norbornylene, oxidation of, 818. 

Nucleotides, 648. 
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Obituary Notices :— 
Joseph John Blackie, 432. 
Thornton Calvert, 1707. 
John Addyman Gardner, 865. 
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Obituary Notices :— 

Arthur Lapworth, 989. 

teal ys 1110. 

ichard Cayley Gifford Moggridge, 1708. 

Robert Selby Morrell, 432." “ 

Edmund Brydges Rudhall Prideaux, 1426. 
Octa-1:7-dien-3:5-diyne-1:8-dicarboxylic acid, and its dimethyl 

ester, 1589. 
Octa-3:5-diyne-1:8-diol, and its diacetate, 1582. 
Octa-3:5-diyne-2:7-diol, 1581. 
n-Octamidine picrate, 392. 
Oct-2-en-4-ol 3:5-dinitrobenzoate, 758. 
2-Octylamino-octane, and its derivatives, 199. 
n-Octylphosphonic acid, diethyl ester, 1467. 
Olefins, addition to, of thio-compounds, 36, 134. 

reaction of, with hydrogen caiphiie, 1532. 

infra-red analysis applied to, 1540. 
with sulphur, 1519. 

Olefins, nitro-. See Nitro-olefins. 
Olefinic substances, reaction of, with sulphur and its com- 

pounds, 1519, 1532, 1546, 1547. 
Oleic acid, glycerides of, 554. 
Oleovanillylamide, 614. 
— compounds, reactions of, electrochemical theories of, 
Oxalic acid, anisamide salt, 100. 

dihydrate, crystal and molecular structure of, 142. 

rare-earth hydrated salts of, 1687. 
Oxazole, preparation of, 96. 
Oxazoles, synthesis of, 96. 
Oxazole-4-carboxylic acid, and its ethyl ester, 102. 
Oxidation with selenium dioxide, 764. 
Oxides, reduction of, by carbon monoxide and hydrogen, 1239. 
Oxodihydromethoxymethyldihydronecostrychnine, 1554. 
Oxodihydromethoxymethyldihydroneostrychnidine, 1555. 
Oxodihydroncostrychnine, and its hydrobromide, 1554. 
Oxyjavanicin, 1027. 


P. 


Parasantonide, photolysis of, 686. 
— acids, apple and strawberry, molecular structure of, 
Pectic substances, 1218, 1221, 1225. 
Penicillic acid, derivatives of, 805. 
methyl ester, 807. 
Pentadecane, 8-amino-, and its derivatives, 198. 
Penta-1:3-diene, 1-nitro-, physical properties of, 1105. 
3-nitro-, 1473. 
Pentaerythritol tetranitrate, crystal structure of, 837. 
Pentaethylchlorodisiloxane, 1592. 
Pentaethyldisiloxanol, 1592. 
Pentamethylene sulphide, preparation of, 1107. 
NN-Pentamethylenebenzamidine, and its picrate, 392. 
5:5-cycloPentamethylene-2:4-dithiohydantoin, 683. 
NN-Pentamethylene-N’-2-ethoxyethyl-N ’-(2-ethoxyethyl- 
aminoethyl)urea, 315. 
2:2-Pentamethylene-4-hydroxymethyl-1:3-dithiolan, 595. 
NN-Pentamethylene-p-methylsulphonylbenzamidine, and its 
salts, 1116. 
2:2-Pentamethylenepyrroline, 5-amino-, N-oxide, 
hydrochloride, 1511. 
5:5-cycloPentamethylene-2-thiohydantoin, 686. 
5:5-cycloPentamethylene-4-thiohydantoin, 686. 
2:2:4:4:6-Pentamethylhexahydropyrimidine, 1398. 
2:2:4:4:6-Pentamethyl-2:3:4:5-tetrahydropyrimidine, 
hydrate and oxalate, 1397. 
Pentane, 2-nitro-, 1499. 
3-nitro-1:5-dicyano-, 1507. 
3-nitro-2:4-dihydroxy-, 2:4-diacetyl derivative, 1473. 
neoPentane, nitro-, 1498. 
cycloPentane-cis-1:3-dicarboxylic acid, preparation of, 818. 
cycloPentanone-2-carboxylic acid, ethyl ester, condensation 
products of, with aromatic amines, 1420. 
tsoPentanethiol, reactions of, with olefins, 36. 
Pent-2-en-4-yn-1-ol, preparation of, 1583. 
reactions of, 1586. 
Pent-3-en-l-yn-5-ol-l-carboxylic acid, and its S-benzyliso- 
thiuronium salt, 1588. 
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Periodates. See under Iodine. 
B-Phellandrene tetrabromide, 1039. 
2-Phenacylbenzthiazole, 1621. 
— (2-hydroxypropyl)pyridinium chloroplatinate, 
1-Phenacyl-a-phenylethyldimethylammonium bromide, re- 
arrangement of, 93 
Phenanthraquinone, reactions of, in sunlight, 997. 
Phenanthraquinoneimine, reaction of, with diazomethane, 651. 
Phenanthrene, 9:10-dihydroxy-, cuminylhydroxymethylene, 
2:4-dimethoxyphenylhydroxymethylene, and 2-methoxy-1- 
naphthylhydroxymethylene ethers, 1000. 
Phenanthridine, chemistry of, 1410. 
Phenanthridines, 84. 
Phenanthridine series, 67. 
p-Phenanthroline, derivatives of, 1659. 
p-Phenanthroline, 2-chloro-, and 2-hydroxy-, 1660. 
2:7-dichloro-, 1661. 
Phenanthroxazole, formation of, from reaction of diazo- 
methane with phenanthraquinoneimine, 651. 
2-p-Phenetidinocyclopent-l-enecarboxylic acid, ethyl ester, 
1037. 
Phenol, iodination of, acid catalysis of, 342. 
Phenols, and their ethers, m-nitration of, 1416. 
reactions of, with alkylisoformanilides, 976. 
spectra of, infra-red, 644. 
vibrational, and of their derivatives and resins, 1260. 
Phenoxstibines, preparation of, 4. 
4-Phenoxycinnoline, 6:7- and 7:8-dichloro-, 232. 
3-(2-Phenoxyethyl)hexane-l-carboxylic acid, 224. 
5-Phenoxy-7-methoxyacridine, 2-cyano-, 639. 
12-Phenoxy-9-methoxy-2:3-dihydro-8-quinindene, 636. 
2-Phenoxy-4-methyl-1:8-naphthyridine, 7-amino-, and _ its 
acetyl derivative, 1409. 
p-Phenoxyphenyldiallylphosphine, and its mercurichloride, 
1448. 


7-Phenoxy-4-phenyl-2-methyl-1:8-naphthyridine, 1410. 
5-Phenoxypyrimidine, 2-amino-4-hydroxy-, 4-chloro-2-amino-, 
and their acetyl derivatives, 45, 46. 
5-Phenoxytetrahydroacridine, 636. 
Phenyl 2-amino-4-methyl-5-thiazyl sulphide, p-chloro-, and 
p-nitro-, 115. 
2-amino-5-thiazyl sulphide, p-chloro-, and its 2-acetyl deriv- 
ative, 113. 
p-nitro-, 112, 117. 
dihydromyrcene sulphide, 40. 
hexyl! sulphide, p-chloro-, 1551. 
2-methylthioethyl sulphide and its mercurichloride, 772. 
2-nitroethyl sulphide, 2:4-dinitro-, 1480. 
- 2-nitrois ceggl eabahtie, 1479. 
octyl suhghide, and p-amino-, and p-nitro-, 53. 
Phenylacetamidine picrate, 392. 
Phenylacetic acid, 3:5-diiodo-, 3:4:5-triiodo-, 3:5-diiodo-4- 
amino-, and 3:5-diiodo-2-hydroxy-, 203. 
Phenylacetic acids, iodo-, preparation of, 202. 
2-Phenyl-2-p-acetoxyphenyl-1:2:3:4-tetrahydrotsophosphinolin- 
ium bromide, 1641. 
y-Phenylallyldimethylamine, and its salts, 168. 
N-Phenyl-p-amidinophenyl methyl sulphone, 394. 
Phenyl 2-amino-4-methyl-5-thiazyl sulphone, p-amino-, p- 
chloro-, and p-nitro-, and their acetyl derivatives, 117. 
Phenyl 2-amino-4-phenyl-5-thiazyl sulphone, p-nitro-, and its 
acetyl derivative, 118. 
Phenyl 2-amino-5-thiazyl sulphone, p-chloro-, and its 2- 
acetyl derivative, 114. 
3-Phenyl-4-p-anisylcinnoline N-oxide, 1651. 
Phenyl-p-anisyl-2-(o-methoxymethylphenyl)ethylphosphine, 
and its methiodide, 1641. 
2-Phenylisoarsindoline, preparation of, and its derivatives, 665. 
2-Phenylisoarsindoline, 2-p-chloro-, and its derivatives, 666. 
5-chloro-, and its derivatives, 668. 
N-Phenylbenzamidine, o-nitro-, and its picrate, 1114. 
1-Phenylbenzotriazole, 5:4’-dichloro-, 938. 
N-Phenylbenzisothiazolone, N-p-nitro-, 1234. 
Phenylbenzylbis-3-benzyloxypropylarsonium chloroplatinate, 
624 


4-Phenyl-3-benzylcinnoline N-oxide, 1651. 

Phenyl-2-benzyloxyethylarsonic acid, and its derivatives, 624. 

Phenylbis-2-amidinoethylarsine, and p-amino-, and p-chloro-, 
and their derivatives, 622. 
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Phenylbis-2-carboxyethylarsine, and p-chloro-, 623. 

Phenylbis-3-carboxy-n-propylarsine, and its derivatives, 623. 

Phenylbis-2-cyanoethylarsine, 621. 

Phenylbis-2-cyanoethylarsine, p-amino-, and p-chloro-, and 
their derivatives, 621. 

a=Phenyl-£f’-bis-(p-dimethylaminopheny])acrylonitrile, 643. 

Phenyl-p-bromophenylchloroarsine, 511. 

Phenyl-p-bromophenyl-2-(o-methoxymethylphenyl)ethylphos- 
phine, and its methiodide, 1640. 

2-Phenyl-2-p-bromophenyl-1:2:3:4-tetrahydroisophosphinolin- 
ium salts, 1640. 

+. eee preparation and ultra-violet absorption 
of, . 

1-Phenylbuta-1:3-diene, 1-p-bromo-, -chloro-, and -fluoro-, and 
their adducts, 1095. 

3-Phenylbutane, 2-amino-, 1499. 

Sa acid, a-amino-y-p-hydroxy-, synthesis of, 


N-Phenylearbamic acid, 2-o-methoxymethylphenylethy] ester, 


5-Phenylcarbamidodecane, 1496. 
4-Phenylcarbamido-3:3-dimethylhexane, 1497. 
5-(N’-Phenylcarbamido)-6-hydroxy-2-methylpyrimidine, 
4-amino-, 946. 
1-Phenylcarbamyl-2:3-dimethyl-6-ethylindoline, 1633. 
2-Phenylearbazolo(1’:2’:5:6)pyrylium salts, 349. 
Phenyl a-(o-carboxyanilino)-p-methoxybenzyl ketone, 1044. 
Phenyl-5-carboxy-n-pentanearsonic acid, 623. 
Phenyl-3-carboxy-n-propylarsonic acid, 623. 
Phenyl-3-carboxy-n-propylchloroarsine, 623. 
N-Phenyl-2:4-dichlorobenzamidine, and its salts, 1115. 
Phenyl-a-chloro-4-hydroxy-3-methoxybenzylamine, 617. 
2-Phenyl-4-chloromethyl-1:3-dithiolan, 594. 
Phenyl-p-chlorophenylarsinic acid, 509. 
Phenyl-p-chlorophenyl-p-bromophenylarsine, and ite deriv- 
atives, 511. 
B-Phenyl-f-p-chlorophenyl-a-p-tolylacrylamide, 643. 
B-Phenyl-f-p-chlorophenyl-a-p-tolylacrylonitrile, 643. 
4-Phenylcinnoline, 4-p-hydroxy-, 1651. 
oh and 2-iodo-4-p-hydroxy-, 4-p-acetyl derivative, 
5. 
Phenylcyanamide, p-chloro-, 946. 
2-Phenyl-4-cyanomethyl-1:3-dithiolan, 594. 
Phenyldiallylarsine, and its mercurichloride, 1450. 
Phenyldiallylphosphine, and p-bromo-, and their mercuri- 
chlorides, 1448. 
Phenyldi-p-anisylacrylamides, 643. 
Phenyldi-p-anisylacrylonitriles, 643. 
1-Phenyl-2:7-diazacycloheptene, and its derivatives, 500. 
Phenyldi-(8y-dibromo-f-methylpropyl)phosphine oxide, 
p-bromo-, 1449. 
Phenyldichloroarsine, p-nitro-, 667. 
Phenyldichlorosilane, 1593. 
N. ps manag QF neininscipiaminsphenpiguenitines, N-p- 
chloro-, 916. 
N ; etna ee N’-p-chloro-, 


N’-Phenyl-N-diethylaminoethylbenzamidine, N’-m- and -p- 
chloro-, and N’-3:5-dichloro-, 163. 
2-Phenyldihydro-1:3-benzthiazine-4-one, 764. 
3-Phenyl-3:4-dihydrocoumarin, 6:8-diiodo-, 204. 
2-Phenyldihydroglyoxaline, 2-4’-chloro-, and 2-2’-nitro-, and 
their salts, 500. 
2-p-hydroxy-, and its salts, 504. 
2-Phenyldihydroglyoxalinium benzenesulphonate, 502. 
sulphamate, 504. 
3-Phenyl-3:4-dihydrophthalazine, 1:4-dihydroxy-3-(2’:4’-di- 
amino)-, and 1:4-dihydroxy-3-(2’:4’-dinitro)-, 834. 
8-Phenyl-3:4-dihydrophthalazine-4-acetic acid, 1-hydroxy-3- 
(2’:4’-diamino)-, 1-hydroxy-3-(2’:4’-dinitro)-, and their deriv- 
atives, 833. 
3-Phenyl-3:4-dihydrophthalazine-1-sulphonic-4-acetic acid, 3- 
(2’:4’-dinitro)-, sodium hydrogen salt, 833. 
2-Phenyl-2:3-dihydroreteneoxazole, 2-hydroxy-, 653. 
Phenyldi-8-methylallylarsine, 1450. 
Phenyldi-8-methylallylphosphine, and p-bromo-, and _ their 
mercurichlorides, 1449. 
Phenyldimethylaminomethylcarbinol, and its derivatives, 168. 
Phenyldimethylcarbinol, o-amino-, acetyl derivative, and 5- 
chloro-2-amino-, and its derivatives, 810. 


and 
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Phenyldimethyl-5-cyano-n-pentylarsonium salts, 623. 
Phenyldimethyl-3-cyanopropylarsonium salts, 623. 
1-Phenyl-2:2-dimethylpropyl cyanide, 3-nitro-, and 3-nitro- 
1-p-bromo-, 1505. ' 
$-Phenyl-4:4-dimethylpyrroline, 2-amino-, N-oxide, 1511. 
2-Phenyl-1:3-dit: clohexane, 5-hydroxy-, 595. 
p-Phenyl-af-di-p-tolylacrylamide, 642. 
p-Phenyl-af-di-p-tolylacrylonitrile, 642. 
%Phenylethane-2-sulphonic acid, 1l-amino-, 
sodium salt, 1484. 
?-Phenyl-6’-ethoxythionaphtheno(2’:3’:5:6)pyrylium salts, 349. 
Phenylethynylcarbinol, o-chloro-, 1630. 
Phenyl ethynyl ketone, o-chloro-, 1630. 
p-Phenylethylamine, B-3-hydroxy-, N-methylurethane hydro- 
chloride, 195. 
l-a-Phenylethyldimethylamine, and its picrate, 94. 
5-8-Phenylethyl-5-methyl-2:4-dithiohydantoin, 683. 
Phenyl-p-ethylphenyl-p-phenylyl-p-chlorophenylarsonium 
iodide, 510. 
N-a-Phenylethylphthalamic acids, and their salts, 511. 
a 0-4-8-diethylaminoethylaminoquinoline, 2-p- 
chloro-, y 
5-'(N’-Phenylguanidino)-6-hydroxy-2-methylpyrimidine, 4- 
amino-, and 4-amino-5-N’-p-chloro-, and their salts, 946. 
—a 0-4-y-diethylaminopropylaminoquinoline, 2-p- 
chloro-, 909. 
8-Phenylheptane, 2-amino-, and its hydrochloride, 1499. 
Phenyl 1-hexynyl ketone, 1630. 
Phenyl cyclohexyl sulphone, p-chloro-, 1551. 
2-Phenyl-4-hydroxy-1:3-dithian, 594. 
2-Phenyl-4-hydroxymethyl-1:3-dithia-2-arsacyclopentane, 595. 
2-Phenyl-4-hydroxymethyl-1:3-dithiolan, 594. 
2-Phenyl-2-p-hydroxy phenyl-1:2:3:4-tetrahydroisophosphinolin- 
ium bromide, resolution of, 1634. 
salts, 1641. 
1-Phenyliminazole, and its picrate, 102. 
3-Phenylindole, 3-p-hydroxy-, 1652. 
a-Phenyl-f-(3:5-diiodo-4-hydroxyphenyl)ethane, 203. 
N-Phenyl-p-methoxybenzamidine, and its chloride, 396. 
Phenyl p-methoxybenzyl ketone phenylhydrazone, 1044. 
2-Phenyl-3-p-methoxyphenylindole, 1044. 
8-Phenyl-2-p-methoxyphenylindole, 1045. 
2-Phenyl-3-p-methoxyphenyl-1-methylindole, 1045. 
2-Phenyl-3-p-methoxyphenyl-5-methylindole, 1044. 
N-Phenyl-N’-methylbenzamidine, and its salts, 389. 
Phenylmethylbis-3-benzyloxypropylarsonium iodide, 624. 
1-Phenyl-3-methyl-4-(but-1’-en-3’-onyl)-5-pyrazolone, 1631. 
1-Phenyl-2-methyl-n-butyl cyanide, 3-nitro-, 1504. 
4-Phenyl-3-methylcinnoline ethiodide, 1654. 
N-oxide and picrate of, and 4-p-hydroxy-, and nitro-, 
N-oxides, 1651. 
$-Phenyl-4-methyl-3:4-dihydrophthalazine, 1:4-dihydroxy-3- 
(2’:4’-dinitro), 836. 
Phenylmethyldi-f-methylallylarsonium iodide, 1450. 
Phenylmethyldi-8-methylallylphosphonium iodide, and its salts, 
and p-bromo-, and its salts, 1449. 
1-Phenyl-2-methyliminazole, and its picrate, 102. 
3-Phenyl-2-methylindole, 3-p-hydroxy-, 1652. 
Phenyl N-methylmesidino-p-methoxybenzyl ketone, 1044. 
4-Phenyl-2-methyl-1:8-naphthyridine, 7-amino-, and its acetyl 
— and its derivatives, 7-chloro-, and 7-hydroxy-, 
9-Phenyl-10-methylphenanthridinium chloride, 7-amino-9-o- 
= and its diacetyl derivative, and 7-amino-9-o-nitro-, 
7-amino-9-p-nitro-, 73. 
methosulphates, 7:9-p-diamino-, and 7-amino-9-p-nitro-, 7- 
acetyl derivatives, 72, 73. 
10-Phenyl-2-methylphenoxstibine, and its dichloride, 7. 
SSR ae 10-p-bromo-, and 10-p- 
cyano-, 8. 
3-Phenyl-1-methylphthalaz-4-one, 2’:4’-dinitro-, 836. 
3-Phenyl-4-methylphthalaz-l-one, 4’-nitro-, nitrate, 836. 
1-Phenyl-1-methylpropyl cyanide, 3-nitro-, 1505. 
1-Phenyl-3-methyl-6-pyridazinone, 1-p-nitro-, 552. 
2-Phenyl-6-methyl-3-pyridazone, 4-amino-, 4-amino-2-p-nitro-, 
4-chloro-2-p-nitro-, 2-p-nitro-, and their derivatives, 549, 
552, 553. 
5-Phenyl-2-methylpyrimidine, 4:6-dichloro-, 1361. 
B-Phenyl-N-methylserine, 8-3:4-dihydroxy-, 661. 


and _ 1-nitro-, 
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Fr a ium benzenesulphon- 
ate, ° 
4-Phenyl-2-methylthiazole-5-carboxylic acid, 1657. 
1-Phenylnaphthalene, 2’:5-dihydroxy-, 226. 
2-Phenyl-8-naphthopyrylium salts, 348. 
Phenyl-a- and -8-naphthylglycollic acids, 60. 
Phenyl octyl sulphone, and p-amino-, and p-nitro-, 53. 
5-Phenylpent-2-en-4-yn-1-ol, and its a-naphthylurethane, 1585. 
9-Phenylphenanthridine, derivatives of, 1414. 
9-Phenylphenanthridine, 7-amino-9-0-amino-, 
nitro-, and their derivatives, 73. 
7-amino-9-p-amino-, 3-bromo-9-p-bromo-, 3- and 7- cyano- 
9-p-cyano-, and their derivatives, 86. 
7-amino-9-p-nitro-, and its 7-acetyl derivative, 72. 
Phenyl-p-phenylylarsinic acid, 510. 
5 eleteeatee ee and its derivatives, 
51 


3-Phenylphthalaz-4-one, 2’:4’-dinitro-, 835. - 
ree p-bromo-, p-chloro-, and p-fluoro-, 
5. 


7-amino-9-o- 


Phenylpropenylcarbinols, substituted, preparation and ultra- 
violet absorption of, 1087. 

Phenylpropiolic acids, 224. 

2-Phenylpropylene, 2-(4-chloro-2-amino)-, and its 2-acetyl 
derivative, and 2-(5-nitro-2-amino)-, 2-acetyl derivative, 
810. 

5-Phenylpyrimidine, 4:6-dichloro-2-amino-, 1362. 

2-Phenylpyrrocoline, 1:3-diiodo-, hydriodide, 672. 

N-Phenylsaccharin, N-p-nitro-, 1234. 

Phenylsemicarbazones, 2:4-dinitro-, spectra of, absorption, 
1387. 

B-Phenylserine, 3:4-dihydroxy-, and its derivatives, 660. 

Phenylstibinous chloride and iodide, p-cyano-, 7. 

3-Phenylsulphonyl-2-methylpyridine, 4:6-dihydroxy-3-p-nitro-, 


54. 
4(or 6)-Phenylsulphonyl-2-methylpyridine, 6 
4(or 6)-p-amino-, 54. 
3-Phenylsulphonyl-2-methylpyridine-5-carboxylic acid, 4:6-di- 
hydroxy-3-p-nitro-, ethyl ester, 54. 
4-Phenylsulphonylmethylthiazole, 2-amino-4-p-amino-, 2- 
amino-4-p-nitro-, and its acetyl derivative, 117. 
4-Phenylsulphonylpyridine, 4-p-amino-, acetyl derivative and 
N-oxide, and 4-p-cyano-, 54. 
Phenyl-1:4:9:10-tetrahydronaphtha-5:8-quinone, 1096. 
1-Phenyl-1:4:9:10-tetrahydronaphtha-5:8-quinone, 1-p-bromo-, 
-chloro-, and -fluoro-, 1095. 
2-Phenyl-3:4:5:6-tetrahydropyrimidine, salts, 501. 
4-Phenylthiazole, 5-amino-, and its hydrochloride, and acetyl 
derivative, 1598. 
5-amino-2-mercapto-, and its derivatives, 1603. 
5-bromo-2-amino-, 118. 
4-Phenylthiazole-5-carboxylic acid, 2-amino-, and 2-hydroxy-, 
ethyl esters, 1658. 
2-Phenylthiocarbamido-4-8-diethylaminoethylaminoquinoline, 
2-p-chloro-, 909. 
2-Phenylthiocarbamido-4-y-diethylaminopropylaminoquinoline, 
2-p-chloro-, 909. 
5-(N’-Phenylthiocarbamido)-6-hydroxy-2-methylpyrimidine, 4- 
amino-, 945. 
3-Phenylthio-2-methylpyridine, 4:6-dihydroxy-3-p-nitro-, 54. 
3-Phenylthio-2-methylpyridine-5-carboxylic acid, 4:6-dihydr- 
oxy-3-p-nitro-, ethyl ester, and its mono-, and diacetyl 
derivatives, 54. 
Phenylthionacetamidoacetonitrile, 1596. 
Phenylthiothiolacetic acid, pheny] ester, 560. 
eee )benzylethylphosphonium brom- 
ide, ‘ 
Phenyl-p-tolyl-o-(2-bromoethyl)benzylmethylphosphonium 
bromide, 1639. 
Phenyl-p-tolyichloroarsine, 509. 
Phenyl-p-tolyl-p-chlorophenylarsine, and its derivatives, 509. 
ss — | alata Seaman tethers salts, 
Phenyl-p-tolyl-p-ethylphenylarsine, and its derivatives, 509. 
ee go and -p-tolyl-p-phenylyl-p-chlorophenylarsonium 
Phenyl-p-tolyl-m-tolyl-p-chlorophenylarsonium bromocam- 
phorsulphonate and iodide, 509. 
os ‘isaac Ree salte, 


(or 4)-chloro- 
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Phosphites. See under Phosphorus. 

Phosphorus organic compounds, stereochemistry of, 1634. 
Phosphites, reaction of, with polyhalogen compounds, 674. 

Phosphorylation, 674. 

Photochemical reactions in sunlight, 997. 

2-Phthalimidobenzoic acid, 4-chloro-, 234. 

ee acid, 4-chloro-, ethyl ester, 


1-Phthalimido-3-methylpentan-2-one, 375. 
8-y-Phthalamidopropylamino-6-methoxyquinoline, 1337. 
Phthalimides, N-substituted, reactions of, 1331. 
y-Phthalimidobutyramidine hydrochloride, 1377. 
3-Phthalimidopropyl cyanide, 1370. 
8-y’ -Phthalimidopropyl-y-aminopropylamino-6-methoxyquinol- 
ine hydrobromide, 1336 
y-Phthalimidothiobutyramide, 1376. 
Phthalo-2-acetoxyethylimide, 530. 
Phthalocetylimide, 199. 
Phthalobis-[y-(6-methoxy-8-quinolylamino)propyl jamide, 
its derivatives, 1334. 
Phthalyl-2’:4’-dinitrophenylhydrazide, 837. 
Picolinic acid, 5-hydroxy-, 132. 
4-Picrylamino-3:3-dimethylhexane, 1497. 
2-Picrylamino-3-phenylbutane, 1499. 
Piperidine, N-amino-, acetyl derivative, hydrochloride, 66 
Piperidinium benzenesulphonate, 385. 
Piperidinoethyl benzilate, 60. 
2-Piperidino-4-methyl-1:8-naphthyridine, 7-amino-, 1409. 
7-Piperidino-4-phenyl-2-methyl-1:8-naphthyridine, 1410. 
Piperonilic acid, 953 
Piqui-a fruit, coat fat of, glycerides of, 773. 
Plums, egg-, gum from, constituents of, 1064. 
Plutonium, chemistry of, 1010. 
determination of, 1014. 
Poisons for catalysts, detoxication of, 624. 
Polycyclic compounds, metabolism of, 801. 
Polymerides, high, equilibrium of, in gels and solutions, 280. 
structure of, by X-ray diffraction, 297. 
Polymerisation, magnetic studies on, 1350. 
of monomers in aqueous solutions, 266. 
Potassium fluoaluminates, 1172. 
analysis of, 1175. 
2-Propaldehyde, 2-amino-, diethylmercaptal, and its picrate, 
2-bromoamino-, propionyl derivative, derivatives of, 372. 
Propane, 1- nitro-, reaction of, with formaldehyde and am- 
monia, 924. 
Propane-1- and -2-sulphonic acids, 2- and l-amino-, and 2- and 
1-nitro-, salts, 1483. 
Propanol, 1:3- and 2:3-dimercapto-, 592. 
Prop-l-ene, 1-bromo-l-nitro-, and 1- and 2-nitro-, physical 
constants of, 1105. 
Propenylphosphonic acid, diethyl ester, 1467. 
Propionamide, B-amino-, benzoyl derivative, 1376. 
— B-amino-, benzoyl derivative, hydrochloride, 


and 


tsoPropoxycarbethoxymethyleneaminoacetic acid, ethyl ester, 
100. 


2-isoPropoxyethylamine, and its picrolonate, 313. 
tsoPropoxymethyleneaminoacetic acid, ethyl ester, 101. 
eee acid, potas- 
sium ethyl — 101. 
Propyl ally! sulphide, 1529. 
butyl aphid 2-nitro-, 1479. 
n-Propyl cyanide, 3- amino., and its derivatives, 1370. 
2-nitro-, 1502. 
n- and iso-Propyl 2-nitroethyl ethers, 1476. 
tsoPropyl n-butyl ether, 2-nitro-, 1476. 
cyanide, 2-nitro-, 1501. 
Propylamine, 2:3-dimercapto-, 594. 
ssoPropylamine, 2-nitro-, and its hydrochloride, 1488. 
Propylammonium toluene-p- sulphonates, 385. 
ssoPropylaniline, 2-nitro-, 1489. 
ssoPropylbenzene, 2- nitro-4-amino-, 186. 
n-Propyl-n-butylcarbinyl a-naphthylurethane, 751. 
n-Propyl n-butyl ketone, 2:4-dinitrophenylhydrazone, 752. 
Propyl butyl sulphone, 2-nitro-, 1479. 
n-Propyldi-n-octylamine, 200. 
tsoPropylcyclohexane, nitro-2-1-nitro-, 1491. 
2-nitro-, 1499. 
1-isoPropylcyclohexene, 1-(1-nitro-2:2’-dihydroxy)-, 1474. 
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2’:3’-isoPropylidene adenosine-5’ dibenzyl phosphate, 650. 

2-isoPropylideneamino-4-methoxybenzamide, 894 

3:4-isoPropylidene B-methyl-/-arabopyranoside, 971. 

n-Propyl-n-octylearbinol, 758. 

4-isoPropylphenol, 3-amino-, and 3-nitro-, 186. 

en, and its mercurichloride, 

Peep ennaiie, and its mercuri- 
chloride, 1449. 

4-Propylpiperidine-2-carboxylic acid, ethyl ester, 224. 

Propylthiol, 2-nitro-, 1481. 

Purines, 8-amino-, synthesis of, 943. 

Purine nucleosides, synthesis of, 355. 

spiroPyrans, thermochromic, action of Grignard solutions on, 
847 


Pyrazine, derivatives of, 370, 373, 1179, 1183. 
N-oxides, conversion of, into chloropyrazines, 1183. 
Pyrazine-, 2-hydroxy-, 372. 
Pyrene, crystal structure of, 358. 
Pyridazine, derivatives, formation of, from sucrose, 239, 549. 
Pyridine, chemistry of, 132. 
reaction of, with p-acetamidobenzenesulphony] azide, 60. 
with —— 816. 
Pyridine, 2-amino-, toluene-p-sulphonate, and its benzoyl 
derivative, benzenesulphonate, 387. 
3-hydroxy-, methiodide, and its N-phenylurethane, and its 
methiodide, 188, 190. 
2-hydroxy-5-cyano-, 88. 
Pyridinium salts, N-amino-, 65. 
3:4:2’:3’-Pyridoacridine, derivatives of, 678. 
3:4:2’:3’-Pyridoacridine, 2:5-dichloro-, and 2:5:8-trichloro-, 680. 
3:4:2’:3’-Pyridoacridone, 2-chloro-, 680. 
4-a-Pyridylamino-6-methoxyquinaldine, 1553. 
N-2-Pyridylbenzamidine, and its salts, 1115. 
2-Pyridyldihydroglyoxalines, and their salts, 500. 
N-2-Pyridyl-N’-methylbenzamidine, and its picrate, 388. 
N. eae and its picrate, 
115. 
9-(3’-Pyridyl)phenanthridine, and its derivatives, 1413. 
9-(3’-Pyridyl)phenanthridine, amino- and nitro-derivatives, and 
their derivatives, 1414, 1415. 
2-a-Pyridyl-3:4:5:6-tetrahydropyrimidine picrate, 500. 
2-2’-Pyridylthionaphthen, 3-hydroxy-, 1577. 
Pyrimidine, 2-w-amino- and 2-w-sulphanilamido-alkyl deriv- 
atives of, 1372. 
Pyrimidine, trichloro-, preparation of, from barbituric acid, by- 
product from, 1247. 
4-chloro-2:6-diamino-, 46. 
Pyrimidines, formation of, 1394. 
quinolylamino-substituted, 1613. 
Pyrrocolines, chemistry of, 670, 672. 
Pyrrocoline-2-carboxylic acid, synthesis of, and its methyl 
ester, 672 
Pyrrole dyes, conversion of £-cycloylpropionitriles into, 1190. 
4-(2’-Pyrryl)thiazole, 2-amino-, 1659. 
4-(2’-Pyrryl)-2-methylthiazole, 1659. 
Pyruvic acid, and its ethyl ester, 
azones, 543. 


1-chloro-2-naphthylhydr- 


Q. 
2-(6’-Quinaldylamino)-4-hydroxy-6-methylpyrimidine, 1616. 
2-(6’-Quinaldylamino)-6-methylpyrimidine, 4-chloro-, 1616. 
Quinazolines, 4-substituted, 896 
Quinazolone, 4:7-dichloro- and 4-chloro-7-nitro-, 895. 
Quindoline, preparation of, and its derivatives, 607. 
Quindoline, 7- and 11-amino-, 7-bromo-, 11-cyano-, 7- and 11- 

nitro-, and 7:4-dinitro-, and their derivatives, 609, 610, 611. 
Quindoline-11-carboxylic acid, and its derivatives, and 7- 
amino-, 7-bromo-, and 7-nitro-, 609, 611. 
Quinol, additive complexes of, structure of, 208. 
Quinoline, 5-bromo-, 5-chloro-, 5-cyano-, and 5-hydroxy-, and 
their derivatives, 440. 
7-bromo-, 7-chloro-, 7-cyano-, and 7-hydroxy-, and their 
salts, 441. 
7-chloro-, and its salts, 443. 
7-chloro-2: 4-dihydro 
8-hydroxy-, NV pore howl methiodide, 190. 
5- and 7-nitro-, and their derivatives, 442. 
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9-Quinolylamino-4-dialkylaminoalkylamino-6-methylpyrimid- 
ines, 1617, 1618. 

4-(6- and 8 -Quinolylamino)-2-f-diethylaminoethylamino- 
6-methylpyrimidines, and their hydrochlorides, 1617. 

4-(8'-Quinolylamino)-2-8-diethylaminoethylamino-6-methyl- 
pyrimidine, and its dihydrochloride, 1619. 

9-(5" a and 8’-Quinolylamino)-4-hydroxy-6-methylpyrimidines, 


18 and 8’-Quinolylamino)-6-methylpyrimidines, 4-chloro-, 
1617. 


9-(6’-Quinolylamino)-4-hydroxy-6-methylpyrimidine, 1616. 

9-(6’-Quinolylamino)-6-methylpyrimidine, 4-chloro-, 1616. 
6’-Quinolylanthranilic acid, 8’-chloro-, and its ethyl ester, 679. 
4:8-dichloro-, 680. 

2-2’-Quinolylthionaphthen, 3-hydroxy-, and its acetyl deriv- 
ative, 1577. 


B.63, constitution of, 1331. 
Reactions, aromatic side-chain, in relation to polar effects of 
substituents, 713. 
Reduction by dissolving metals, 102, 1642. 
Resins, natural, phenolic, 948. 
phenolic, spectra of, vibrational, 1260. 
Respiration, stimulants of, 307. 
Retenequinone, reaction of, with stilbene, 999. 
Rhamnocitrin, constitution of, 122. 
Rhamnose, determination of, 1048. 
d-Ribobenziminazole, preparation of, 23, 24. 
Ricinoleic acid, alkaline scission of, 753. 
Ricinoleovanillylamide, 614. 
Rings, alicyclic, formation of, cyclisation in, 1028. 
Rubber, reaction of, with hydrogen sulphide, 1532. 
with sulphur, 1699. 
vulcanised, infra-red spectrum of, 1699. 
Rubrene, fluorescence of, in various solvents, 106. 


Saccharic acid, thallium hydrogen salt, 1381. 
Sandmeyer reaction, 173. 
¥-Santonin, constitution of, 533, 1157. 
Sarcosine, ethyl ester and — of, 661. 
Schizophyllum commune, sulphide conversion by, 424. 
Scopulariopsis Seiaieadin, sulphide conversion by, 424. 
Selenium dioxide, dehydrogenation and oxidation with, 764. 
Silica gel, preparation of, 33. 
Silicochloroform, organic derivatives of, 1592. 
Silicon organic compounds :— 
Silicon tetrachloride, derivatives of, 1592. 
Skraup reaction with m-substituted anilines, 437. 
Sodium, reduction by, in liquid ammonia, 102. 
Sodium organic compounds :— 
Sodium acetylide, reaction of, with epichlorohydrin, 1583. 
butoxide, reduction of af-unsaturated carbonyl com- 
pounds by, 851. 
Solids, granular, heat exchange between gas streams and, 416. 
Solubility at high temperatures, apparatus for m , 1679. 
Solutes, separation of, chromatographic, 1308, 1321. 
Solvents, fluorescence "quenching i in, 105. 
non-aqueous, acid—base catalysis in, 24. 
Spectra, absorption, infra-red, of amides, 1248. 
of 2:4-dinitrophenylsemicarbazones, 1387. 
of nitrogen organic compounds, 331. 
ultra-violet, 1104. 
of 1-phenylbutadienes, phenylpropenylcarbinols, and 
styrylmethylcarbinols, 1087. 
infra-red, measurement of, and their value in structural 
diagnosis, 978. 
of alkylphenols, 644. 
of macromolecules, 289. 
of olefins, 1540. 
vibrational, of phenolic derivatives and resins, 1260. 
Squalene, reaction of, with sulphur, 1546. 
Stearamidine, and its isethionate, 741. 
Stilbene, addition of halogens to, 628. 
reaction of, with retenequinone, 999. 
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Stilbene, trans-pp’-diamino-, 1454. 
Strawberry pectic acid, molecular structure of, 1218. 
Strontium azide, crystal structure of, 881. 
Strychnine, 78, 1554, 1557. 
neoStrychnine, preparation of, and its N-oxide benzoate, 78. 
Strychnineacetic acid, degradation of, 1557. 
Styrene, addition of halogens to, 628. 
Styrene, f-bromo-f-nitro-, §-chloro-8-nitro-, and f-nitro-, 
physical properties of, 1105. 
Styrylmethylearbinol a-naphthylurethane, 1096. 
Styrylmethylearbinol, p-bromo-, p-chloro-, and p-fluoro-, and 
their a-naphthylurethanes, 1095. 
Styrylmethylcarbinols, substituted, preparation and ultra- 
violet adsorption of, 1087. 
2-Styrylpyridine, 2-p-cyano-, 88. 
4-Styrylpyridine, 4-p-amino-, 560. 
Substitution, aromatic, by halogens, 1167. 
at saturated carbon atoms, 558. 
by halogen, methoxy, and methyl groups attached to 
phenyl, 1096. 
Sucrose, conversion of, into furan compounds, 396. 
into pyridazine derivatives, 239, 549. 
into thiazole derivatives, 590, 1400. 
1:4-3:6-dianhydro mannitol and 1:4-3:6- dianhydro sorbitol 
from, 433. 
solubility of, in water at high temperatures, 1678. 
thallous derivative, 1382. 
Sugars, methylated, quantitative separation of, 1344. 
2-(4’-Sulphamidobenzyl)dihydroglyoxaline, salts, 501. 
Sulphanil-O-acetylvanillylamide, sulphate, 616. 
5-Sulphanilamido-2-benzylthiazole, and its 5-acetyl derivative, 
1597. 
3-Sulphanilamido-6-methylpyridazine, and its derivatives, 243. 
2-Sulphanilamido-4-methylthiazole-5-acetic acid, and its deriv- 
atives, 591, 592. 
Sulphanilamidothiazoles from levulic acid, 590. 
Sulphanilhomovanillylamide, and its hydrochloride and N‘- 
acetyl derivative, 616. 
Sulphanilic acid, conductivity and viscosity of, 76. 
Sulphanil-a-vanillylethylamide, and its hydrochloride and N*- 
acetyl derivative, 616. 
B-Sulphanilyl-a-acetylguanidine, 822. 
B-Sulphanilyl-a-2-diethylaminoethylguanidine, and its acetyl 
derivative, 822. 
4 [ei ere, and its acetyl derivative, 


P-Sulphanly-aadimethylguanidine, and its acetyl derivative, 


Suiphanilyiguanidine, derivatives of, 820. 
B-Sulphanilyl-a-2-methoxyethylguanidine, and its acetyl deriv- 

ative, 821. 
B-Sulphanilyl-a-methylguanidine, 821. 
Sulphanilylvanill-N*-phenylamidine, 

derivative, 617. 
polySulphides, organic, thermal decomposition of, 1547. 
Sulphide linkings, fission of, by moulds, 424. 
2-(4’-Sulphonamidophenyl )dihydroglyoxaline, 500. 
Sulphones, unsaturated, reaction of, with nitro-paraffins, 1514. 
1-4’-Sulphophenyl-2:7-diazacycloheptene, 500. 
2-(4’-Sulphophenyl )dihydroglyoxaline, 500. 
2-(4’-Sulphophenyl)-3:4:5:6-tetrahydropyrimidine, 500. 
Sulphur, reaction of, and of its compounds, with olefinic sub- 

stances, 1519, 1532, 1546, 1547. 
with rubber, 1699. 
with squalene, 1546. 

Sulphuric acid, nitration in, 474, 1185. 
Sulphur organic compounds, 693. 
Sulphuric acid. See under Sulphur. 
Sunlight, photochemical reactions in, 997. 
Surface chemistry, applications of, in colloid science, 1422. 
Sylvan, production of, from furfuraldehyde, 1068. 
Systems, SS aa binary, pressure and temperature re- 

lationships in, 597 


and its N*:0-diacetyl 


?. 
Tartaric acid, dipropylthallium, trisdimethylthallium, and tris- 
diethylthallium esters, 1384 
mesoTartaric acid, tetrathallium salt, 1380. 
Tea, green, catechins of, 32. 
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Terpenes, 1565. 
1:2:3:5-Tetra-acetyl d-ribofuranose, 1054. 
Tetra-arylarsonium salts, properties and synthesis of, 505. 
Tetra-arylphosphonium salts, 505. 
Tetra-arylstibonium salts, 505. 
Tetraethyldichlorodisiloxane, 1592. 
s-Tetraethylguanidine picrate, 396. 
NNN’N’-Tetraethylpiperazinium dichloride, NN N’N’-tetra-2- 
hydroxy-, 529. 
salts, NN N’N’-tetrachloro-, and -tetrahydroxy-, 529. 
Tetrahydroacridine, amino-derivatives, 634. 
1:2:3:4-Tetrahydroacridine, 5-amino-, 5-chloro-7-, -8-, and -9- 
amino-, and 5-chloro-9-nitro-, and their derivatives, 636. 
Tetrahydroacridones as antimalarials, 1034. 
1:2:8:4-Tetrahydroacridone, 6-amino-, and its 6-acetyl deriv- 
ative, 637. 
7-chloro-, 1037. 
Tetrahydronaphthalene, autoxidation of, catalysis of, 494. 
chloromethylation of, 1432. 
Tetrahydronaphthalene-3-carboxylic acid, 951. 
1:2:3:4-Tetrahydroisophosphinolinium salts, 2:2-disubstituted, 
synthesis of, 1634. 
1:2:3:4-Tetrahydroitsoquinaldinic acid, 
derivative and its methyl ester, 129. 
Tetrakis-p-amidinophenylethylene isethionate, 84. 
Tetrakis-p-cyanophenylethylene, 83 
Tetralin. See Tetrahydronaphthalene. 
2:3:6:7-Tetramethoxy-9:10-diethyl-9:10-dihydroanthracene, 950. 
2: . eee a 
2:4: = sag: paleeeammaaaaaaas pastel 
pyrimidine, 1398. 
Tetramethyldiaminophenols, and their derivatives, 188, 190. 
Tetramethylenediammonium bistoluene-p-sulphonate, 503. 
5:5-cycloTetramethylene-2:4-dithiohydantoin, 683. 
2:2:3:3-Tetramethylpentane, 1-nitro-, 1498. 
2:2:6:6-Tetramethyltetrahydrothiopyran, synthesis of, and its 
methiodide, 1107. 
aaBp-Tetramethylvaleric acid, 1498. 
Tetraphenylethylenetetra-p-iminoethyl ether, 84. 
Tetrathallium erythritol, 1381. 
Thallium compounds in organic +." | 1378. 
ee en ee 
er -w-amino- and 2-c-sulphanilamido- alkyl derivatives 
of, 1372. 
derivatives, conversion of sucrose into, 590, 1400. 
Thiazole, 2-amino-, chlorination of, with sulphury] chloride, 
431. 
Thiazoles, 1656. 
Thiazoles, 5-amino-, preparation of, 1594. 
Thiazole series, 323. , 
4:4’-spiroThiazoline, 2:2’-diamino-, and its salts, 325. 
4-Thiazolylmethylisothiourea, and its dihydrochloride, 324. 
B-2-Thienoylpropionitrile, 1194. 
Thioacetamide, amino-, benzoyl derivative, 1373. 
Thioaldehydes, trimeric, stereochemistry of, 693. 
Thioanisole, 4-hydroxyamino-, 851. 
4-nitroso-, preparation and reactions of, 851. 
N-Thiocarbethoxymorpholine, 1598. 
Thio-compounds, addition of, ‘to olefins, 36. 
Thiocyanic acid, esters, conversion of, into disulphides, 815. 
ferric salt, complex, 336. 
Thioglycollic acid, reactions of, with olefins, 36. 
Thiohexoamide, 5-amino-, benzoyl derivative, 1377. 
Thiohydantoins, 681, 684. _ 
Thioindigoid dyes, brominated, 742. 
Thiols, addition of, to a-nitro-olefins, 1477. 
aliphatic, and their derivatives, 320. 
Thiolamines, aliphatic, 320. 
Thiol-esters, preparation and properties of, 559. 
Thionaphthens, hydroxy-, formation of, from benzene sul- 
phonylbenzisothiazolone, 1574. 
Thionaphthindole, and its salts, and 2-nitro-, 656, 657. 
Thionaphthindole, 12-chloro-, and its picrate, and 6- nitroso- . 
657. 
Thionaphthindoles, preparation and properties of, 653. 
Thiophen, detoxication of, 624. 
Thiophenol, reactions of, with olefins, 36. 
Thiopropionamide, a-amino-, benzoyl derivative, 1375. 
B-amino-, benzoyl derivative, 1376. 


and its N-benzoyl 
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Thiopyran series, syntheses in, 1106. 
Thioundecoamide, 11-amino-, 11-benzoy] derivative, 1377. 
Thiourea, reaction of, with s-dichloroacetone, 323. 
Thioxanthone, 2-amino-, and its diacetyl derivative, 1233. 
4-amino-1-hydroxy-, 1234. 
Thymic acid, barium salt, preparation of, 1141. 
Thymus, calf, deoxypentose nucleic acid from, and its sodium 
salt, 1129, 1131, 1141. 
Tilden lectures, 853, 1422. 
Tin, reaction of, with halogen solutions in organic solvents, 
736. 
o-Tolualdehyde, 5-bromo-, and its derivatives, 692. 
Toluene, nitration of, isomers formed in, 921. 
production of, from benzene and methyl ether, 928. 
Toluene, 2:4-diamino-, and 2-nitro-4-amino-, 4-formyl deriv- 
atives, 249. 
2:4-dinitro-, nitration of, 474, 1185. 
3:4:5-trinitro-, preparation of, 1394. 
2-p-Toluenesulphenamido-4-methylthiazole dihydrate, 116. 
2-p-Toluenesulphenamidothiazole, 113. 
Toluene-p-sulphon-1-bromo-6- and -7-nitro-2-naphthalides, 330. 
p-Toluenesulphonmethylisopropylamide, 311. 
p-Toluenesulphon-2-naphthalide, 1:7-dinitro-, 1061. 
Toluene-p-sulphon-6- and -7-nitro-2-naphthalides, 330. 
3-(2’-p-Toluenesulphonylcarbamylphenyl-1’-thio)pentane-2:4- 
dione, 1576. 
1s Cees 3-methyl 1:2-acetone l-arabofuranose, 


























2-p-Toluenesulphonyl a-methyl-/-arabopyranoside, 972. 

2-p-Toluenesulphonyl £-methyl-/-arabopyranoside, 971. 

2-p-Toluenesulphonyl 3:4-isopropylidene, $-methyl-l-arabo- 
pyranoside, 971. 

Toluidino-. See also Methylanilino-. 

2-Toluidinoisoindolino-3-acetic acid, 
methyl ester, 473. 

a~p-Toluidinophenylacet-p-chloroanilide, 1044. 

p-Toluidinophosphonic acid, dibenzy] ester, 677. 

6-p-Toluidinopyrimidine, 4-chloro-2-amino-, and its hydro- 
chloride, 1362. 

o-Toluoyl chloride, 5-bromo-, 690. 

o-Toluoylhydrazide, 5-bromo-, 
derivative, 691. 

1-p-Toluoylnaphthalene-2-carboxylic acid, and its lactone, 765. 

B-p-Toluoylpropionitrile, 1193. 

p-Tolyl 2- pepe sulphide, hydrochloride, 1481. 
2-amino-4-methyl-5-thiazyl sulphide, and its 2-acetyl 

derivative, 18. 

2-amino-5-thiazyl sulphide, and its 2-acetyl derivative, 113. 

o-Tolylacetic acid, 5-bromo-, 691. 

p-Tolyl 2-amino-4-methyl-5-thiazyl sulphone, and its 2-acetyl 
derivative, 117. 

= 2-amino-5-thiazyl sulphone, and its 2-acetyl derivative, 


9-» Pelyticcersinbelion, and its derivatives, 666. 
p-Tolyl 2-benzamidoethyl sulphone, 1481. 
N-p-Tolylbenzisothiazolone, 1234. 
1-Tolylbuta-1:3-dienes, and their adducts, 1094. 
2-p-Tolyl-2-p-chlorophenacyl-1:2:3:4-tetrahydroisophos- 
phinolinium bromide, 1639. 
p-Tolyldiallylphosphine, and its mercurichloride, 1448. 
a~p-Tolyl-8f-di-p-anisylacrylamide, 643. 
a-p-Tolyl-88-di-p-anisylacrylonitrile, 643. 
o-Tolyl diazomethyl ketone, 5-bromo-, 690. 
1-(0-Tolyl)-1:4-dihydronaphthaquinol diacetate, 1094. 
p-Tolyldi-8-methylallylphosphine, and its mercurichloride, 1449. 
m-Tolyldi-p-tolyl-p-chlorophenylarsonium iodide, 513. 
m-Tolylhydrazine, 4-chloro-, 1559. 
2-p-Tolyl-2-methylisoarsindolinium iodide, 6&6. 
p-Tolylmethyldi-8-methylallylphosphonium iodide, 
salts, 1449. 
p-Tolyl 2-nitroethyl sulphone, 1481. 
Tolylpropenylcarbinols, 1094. 
4-p-Tolylsulphonyl-2-methylbutane, 2-nitro-, 1516. 
4-p-Tolylsulphonylpyridine, 54. 
1-Tolyl-1:4:9:10-tetrahydronaphthaquinones, 1094. 
9-m- and -p-Tolylxanthens, and their peroxides, 1000. 
Tosyl-. See Toluenesulphonyl-. 
Toxicity, effect of pe on, 176, 182, 191. 
Triacetyl-2:3-dimethylindole, 1633. 
Trialkyl phosphites, reaction of, with alkyl halides, 1465. 








2-4’-nitro-, and _ its 
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Triallylphosphine, and its derivatives, 1448. 
3:3’:5’-Triamidino-ay-diphenoxypropane, 5-cyano-, 83. 
Tri-o- and -m~anisylstibines, 1569. 
apB-Triarylacrylic acids, and their derivatives, 641. 
aff-Triarylacrylonitriles, 641. 
riarylstibines, preparation and properties of, 1568. 
1:2:3-Triazole-4-carboxylic acid, 5-hydroxy-, esters, tautomeric 
change of, to aliphatic diazo-compounds, 1384. 
5:6-(4:5-Triazolo)-4-hydroxy-2-methylpyrimidine, 947. 
0.5:2’:4’-Tribenzoyl-O-3-methylmorinidin chloride, 1684. 
9:4:6-Tribenzyloxypyrimidine, 730. 


PTri-n-butylallyltin, 1450. 


‘i-n-butylchlorotin, 1450. ‘ 

Tricarbocyanines, symmetrical, with one or more methyl 
groups as chain substituents, 960. 

Tricatechylarsenic acid, /-barium salt, 511. 

ethylallyltin, 1450. 

ethylamine, 2:2’:2’-trichloro-, 527. 

2:2’-dithiocyano-, 2:2’:2”-trithiocyano-, 2:2’-dithiol-, and 
2:2’:2”’-trithiol-, and their derivatives, 322. 

NN’-Triethylbenzamidine, salts, 385. 

iethyl-2-ethylaminoethylurea, 315. 

iethyl-2-hydroxyethylammonium iodide urethanes, 181. 

iethyltrichlorodisiloxane, 1591. 

ri-n-hexylamine oxalate, 200. 

p’:9:10-Trimethoxy-1:2-benzanthracene, 942. 
’:9:10-Trimethoxy-9:10-dimethyl-9’:10-dihydro-1:2-benz- 
anthracene, 942. 

: ‘epee 4’-hydroxy-, and its acetyl derivative, 
123. 

YNN’-Trimethylacetamidinium benzenesulphonate, 385. 
i-8-methylallylarsine, and its mercurichloride, 1450. 
ri-8-methylallylphosphine, and its derivatives, 1448. 

:3:3-Trimethyl-2-aniloethylideneindoline, 959. 

:3:3-Trimethyl-2-(3’-benzoylallylidene)dihydroindole, 1630. 

:6-Trimethylenebenzthionaphthindoles, 657. 
imethylenediammonium bistoluene-p-sulphonate, 503. 
timethylenediphosphonic acid, tetraethyl ester, 1467. 
imethylene glycol, dithallium derivative, 1382. 

:-6-Trimethylenethionaphthindole, and its picrate, 657. 

»:2:6-Trimethyl-6-ethyl-tetrahydropyran, 1108. 

:2:6-Trimethyl-6-ethyltetrahydrothiopyran, 1108. 
:2:6-Trimethylheptyl 1:5-dimethyl-l-ethylhex-4-enyl or 4- 
pa te samaaaiacaaaa sulphide, 5(or 2)-mercapto-, 

539. 
:2:3-Trimethylcyclohexane-l-carboxylic acid, 1567. 
2:2:3-Trimethylcyclohexane-1-carboxylic acid, 1565. 

-2:3-Trimethylcyclohexanone, and its semicarbazone, 1567. 
-2:3-Trimethylcyclohex-6-ene, l-cyano-, 1567. 

-2:3-Trimethylcyclohex-6-ene-1-carboxylic acid, 1567. 

methyl-4-hydroxybutylammonium chloride urethane, 180. 
imethyl-10-hydroxydecylammonium chloride urethane, 181. 
methyl-2-hydroxyethylammonium chloride and _ iodides, 
urethanes and derivatives from, 180. 
chloride urethane, compounds related to, 176. 
timethyl-6-hydroxyhexylammonium chloride urethane, 180. 
methyl-8-hydroxynonylammonium chloride urethane, 181. 
methyl-8-hydroxyoctylammonium chloride urethane, 181. 
methyl-5-hydroxypentylammonium chloride urethane, 180. 
timethyl-3-hydroxypropylammonium chloride urethane, 180. 

:8:3-Trimethyl-2-(3’-m-methoxybenzoylallylidene)dihydro- 
indole, 1630. 

Fee natoentens-O-entehonte acid, 1-nitro-, sodium salt, 


4:4-Trimethylcyclopentanone, 1029. 

Pen natnategelopeainnens-B-cncbengtle acid, ethyl ester, 
3:3-Trimethyl-2-pent-(2’-en-4’-onylidene)dihydroindole, 1630. 
5:6-Trimethylpyrazine, 2-hydroxy-, 376. 
2:2-Trimethyl-5-pyrrolidone, 1511. 

4:5-Trimethylthiazole, preparation of, 1400. 
ri-8-naphthylstibine, 1570. 
ri-n-nonylamine, and its oxalate, 200. 

i-o-phenetylstibine, 1569. 

-p-phenoxyphenylstibine, 1569. 

phenyl-p-ethylphenylarsonium iodide, 508. 
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(+) + dl-1:1:2-Triphenylpropan-1-ol, 437. 

1:1:2-Triphenylpropylene, 437. 

Triphenylstibine, tri-p-bromo-, and tri-o- and -p-chloro-, 1569, 
1570. 

Triphenyl-m-tolylarsonium iodide, 508. 

Tris(benzylmethyleneimine) methiodide, 1118. 

Tris-(2-methylsulphonylethyl)methylamine, 1516. 

Tris-(2-methylsulphonylethyl)nitromethane, 1516. 

2:4:6-Tris-p-methylsulphonyiphenyl-1:3:5-triazine, 1113. 

1:3:5-Tris-2’:2’:2’-trinitroethylbenzene, 1237. 

Trithallium glycerol, 1381. 

Tri-(2-isothiocarbamido-2-ethyl)amine te/rahydrochloride, 322. 

Trypanocides, 67. 

l-Tubocurarine chloride, 937. 


U 


Undecanal 2:4-dinitrophenylhydrazone, 199. 

Unsaturated compounds, kinetics of halogen addition to, 628, 
630, 1168. 

Ureas, substituted, from aw-alkylenediamines, 307. 

Ureido-. See Carbamido-. 

Uridine phosphates, 338. 

Uridylic acid, dibrucine salt, 341. 


Vv. 

Valeric acid, l-erythro-1:3:4-trihydroxy-, phenylhydrazide, 972. 

Valeroidine, structure of, 1330. 

Vanillin, amides and amines from, 613. 

Vanillinanil, O-acetyl and O-benzoyl derivatives of, 616. 

Vanill-N?-phenylamidine, O-acetyl and O-benzoyl derivatives, 
616, 617. 

Vapour pressure of liquids, relation of, to density and viscosity, 
822. 

Vinyl compounds, polymerisation of, in gas and liquid phase, 
274. 


2-Vinyl-1:3-dithia-2-arsacyclohexane, 2-2-chloro-, 595. 
5-hydroxy-2-2-chloro-, 595. 
2-Vinyl-1:3-dithia-2-arsacyclopentane, 2-2-chloro-, 595. 
1-Vinylcyclohexene, 1-l-nitro-, and its dimer, 1474. 
Vinylphosphonic acid, diethyl ester, 1467. 
Viscosity of aqueous solutions of amino-acids, 74. 
of liquids, relation of, to density and vapour pressure, 822. 
Volume, molecular, of lanthanon elements and their derivatives, 
1084. 


x. 
m-Xylene, w-bromo-5-nitro-, ww’-dibromo-5-nitro-, and ww’- 
diiodo-5-nitro-, 1236. 
3-(o-3-Xylidino)-4:5-benzocoumaran, 1047. 
3-(m~4-Xylidino)-4:5-benzocoumaran, 1047. 
3-(p-Xylidino)-4:5-benzocoumaran, 1047. 
$-(p-Xylidino)-4:5-coumaran, hydrochloride, 1047. 
1-d-Xylopyranosidoglyoxaline-4:5-dicarboxyamide, and its 1- 
triacetyl derivative, 381. 
9-d-Xylopyranosidoxanthine, 381. 
d-Xylosidoglyoxaline-4:5-dicarboxylic acid, 1-triacetyl deriv- 
ative, methyl ester, 380. 
p-Xylyldiallylphosphine, and its mercurichloride, 1448. 
p-Xylyldi-8-methylallylphosphine, and its mercurichloride, 
1449. 
o-Xylylene bis(phenyldimethylarsonium picrate), 665. 
o-Xylylene, 4-chloro-, derivatives of, 668. 
o-Xylylenearsinic acid, and its nitrate, 667. 
p-Xylyimethyldi-8-methylallylphosphonium iodide, 
salts, 1449. 


and its 


» a 
Yeast ribonucleic acid, constitution of, 21, 338. 
Yttrium in rare-earth group, 118. 
relation of, to lanthanons, 1084. 





FORMULA INDEX. 


Tue following index of organic compounds of known empirical formula is arranged according to Richter’s 
system (see Lexikon der Kohlenstoff-V erbindungen). 

The elements are given in the order, C, H, O, N, Cl, Br, I, F, 8, P, and the remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, C, group, etc.). 

Secondly, according to the number of other elements besides carbon contained in the molecule (thus 5 IV 
indicates that the molecule contains five carbon atoms and four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) present in the molecule. 

Salts are placed with the compounds from which they are derived. The chlorides, bromides, iodides, 
and cyanides of quaternary ammonium bases, however, are registered as group-substances. 


C, Group. 
CCl,Se Perchloromethylselenol, 1083. 
lim 


CH,N.S Thiourea, reaction of, with s-dichloroacetone, 323. 
CH,C1,Si Methyldichlorosilane, 1593. 


C, Group. 
C.H,0, Oxalic acid, dihydrate, crystal and molecular structure of, 142; hydrated rare-earth salts of, 
7 


C.H,0, Glycollic acid, dithallium salt, 1381. 

C.H,O Dimethyl ether, reaction of, with benzene, 928. 

C.H,N, 2-Aminoethylamine, toluene-p-sulphonate, 502. 
Ethylenediamine, bistoluene-p-sulphonate, 503. 

C.Cl,Se Hexachlorodimethy] selenide, 1083. 


2 Il “ 
C.H,Cl,8n Ethyltrichlorotin, 1450. 
C.H,N.S Methylammonium thiocyanate, 394. 
C.H,C1,Si Ethyldichlorosilane, 1593. 

2 IV 


C.HOCI,S Trichlorothiolacetic acid, 141. 

C.H,OC1,S Dichlorothiolacetic acid, 140. 

C.H,0C1,Si, Ethylpentachlorodisiloxane, 1591. 

C.H,O.NS 2-Nitroethylthiol, 1480. 

C.H,O,NS 2-Nitroethanesulphonic acid, salts, 1483. 
2H,OC1,Si, Dimethyltetrachlorodisiloxane, 1592. 


C, Group. 


C,;H,0O, Lactic acid, dithallium salt, 1381. 

C,H,N, 1-Aminoethyl cyanide, hydrochloride, 1371. 
Sarcosine nitrile, and its picrate, 661. 

C,H,,.N, Trimethylenediamine, bistoluene-p-sulphonate, 503. 


3 I 
C;H,ON Oxazole, 102. 
C,;H,OCl, s-Dichloroacetone, reaction of, with thiourea, 323. 
C,;H,N.S 2-Aminothiazole, chlorination of, with sulphuryl chloride, 431. 
C;H,0,Tl, Trithalliim glycerol, 1381. 
C,;H,0.8 Methyl vinyl sulphone, 1515. 
C,H,0,Tl, Dithallium trimethylene glycol, 1382. 
C;H,0,N 1-Nitropropane, reaction of, with formaldehyde and ammonia, 924. 
C,H,0;N Methyl 2-nitroethyl ether, 1475. 
C,H.Br,Sn Allylpentabromostannic acid, 1450. 
C,H,OS, 2:3-Dimercaptopropanol, 594. 
C;H,0.N, 2-Nitroisopropylamine, hydrochloride, 1488. 
C,H,ON Methyl 2-aminoethyl ether, picrate, 1476, 1477. 
C,H,NS, 2:3-Dimercaptopropylamine, 594. 


3 IV 

C;H,ON,S 2-Thiohydantoin, 560. 
C.H.0.NS Methyl 2-nitroethyl sulphide, 1479. 

2-Nitropropylthiol, 1481. 
C;H,O,NS Methyl 2-nitroethyl sulphone, 1479. 
C;H,O,NS_ 1- and 2-Nitropropane-2-sulphonic acids,-salts, 1483. 
C;H,ON,Cl a-Amidinoacetamide, hydrochloride, 617. 
C;H,0,.NS Methyl 2-aminoethyl sulphone, 1479. 
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C, Group. 


C,H, isoButylene, dimerisation of, 250. 
















































4 


C,H,0, Acetylenedicarboxylic acid, dihydrate, crystal and molecular structure of, 148. 
C,H;O, mesoTartaric acid, tetrathallium salt, 1380. 
C,H,O, Vinyl acetate, vapour, polymerisation of, 1201, 1211. 
C,H,0, a-Methoxyacrylic acid, 1033. 
B- ns hetees acid, 1032. 
mino-n- propyl cyanide, and its hydrochloride, 1370. 

CN, NN’-Dimethylacetamidine, salts, 385. 

C,H,.N, Tetramethylenediamine, bistoluene-p-sulphonate, 503. 


4m 
C,H,0O,N Oxazole-4-carboxylic acid, 102. 
C,H,ON 2-Methyloxazole, and its picrate, 101. 
C,H,O,N, 2-Nitropropyl cyanides, 1501. 

.H,0,T1, Tetrathallium erythritol, 1381. 

C,H,.N.S, 2-Amino-4-mercaptomethylthiazole, 324. 
5-Amino-2-mercapto-4-methylthiazole, hydrochloride, 1607. 
ae 2-Nitrobut-2-ene, 1477. 

C,H,C1,8, 2:2’-Dichlorodiethyl sulphide, thermal decomposition of, 318. 
C,H,O.N 2-Acetoxyethylamine, and its hydrochloride, 530. 
C,H,O,N Methyl 2-nitropropyl ethers, 1476. 

Nitro-tert.-butyl alcohol, 1518. 
C,H,O,N 2-Nitro-3-methoxy-n-propyl alcohol, 1476. 
C,H,,ON, §-Aminoisobutyramide, picrate, 1502. 
C,H,,08, Methyl 2:3-dimercaptopropyl ether, 594. 
C,H,,0,N, 2-Nitro-3-aminobutane, hydrochloride, 1488. 

1-Nitro-2-amino-2-methylpropane, hydrochloride, 1488. 
C,H,,ON Butoxyamine, hydrobromide, 968. 

Methyl-2-methoxyethylamine, and its picrolonate, 313. 
C,H,,NS, 2:2’-Dimercaptodiethylamine, and its hydrochloride, 322. 
C,H,,CISi Diethylchlorosilane, 1593. 

148i, Bispentachloroethyltetrachlorodisiloxane, 1592. 


4Iv 


C,H, 2-(2-Chlorovinyl)-1:3-dithia-2-arsacyclopentane, 595. 
C,H,O,NS 2-Nitroethyl thiolacetate, 1480. 
C,H,O,NS Carboxymethy]l 2- nitroethyl sulphide, 1480. 
C,H,O,NS Carboxymethyl 2-nitroethyl sulphone, 1480. 
C,H,O,NCl 3-Chloropropyl carbamate, 179. 
C,H,0,N.S Di-(2-nitroethyl) sulphide, 1480. 
C,H,O,N.S Di-(2-nitroethyl) sulphone, 1480. 
C,H, 2-Methyl-4-hydroxymethy]-1:3-dithia-2-arsacyclopentane, 595. 
C,H,0 Carboxymethyl 2-aminoethyl sulphide, 1480. 
Methyl 2-nitropropyl sulphide, 1479. 
Nitro-tert.-butylthiol, 1480. 
ra Methyl 2-nitropropyl sulphone, 1479. 
C,H,O,NS 2-Nitrobutane-3-sulphonic acid, salts, 1484. 
1-Nitro-2-methylpropane-2-sulphonic acid, sodium salt, 1483. 
C,H,,ONC] Formimidoisopropyl ethyl hydrochloride, 101. 
C,H,,0CL,Si, Diethyltetrachlorodisiloxane, 1591. 
C,H,,0,NC] 2-Chloroethyl N-dimethylcarbamate, 179. 
C,H,,0,NS 2-Aminobutane-3-sulphonic acid, 1484. 
1-Amino-2-methylpropane-2-sulphonic acid, 1484. 


C, Group. 


C,H,0, But-l-en-3-yne-1l-carboxylic acid, and its S-benzylisothiuronium salt, 1589. 
rfuraldehyde, hydrogenation of, 1068. 
HN, 2-Aminopyridine, toluene-p-sulphonate, 387. 
N-Aminopyridine, salts, 65. 
C.H.N, 3- Taine 4 cnctbatiarttedinn, and its salts, 243. 
C.H,,0, 3-Deoxy-l-xylose, 972. 
C,H,,.N, Amino-tert.-butyl cyanide, and its salts, 1502. 
2-Amino-1-methyl-n-propyl cyanide, hydrochloride, 1502. 
C,H,,N Piperidine, benzenesulphonate, 385. 
C,H,,N, 1:3-Diamino-2:2-dimethylpropane, 1502. 


5 

C,H,0,N, 5-Nitroso-4:6-dihydroxy-2-isonitrosomethylpyrimidine, and its sodium salt, 947. 
C;H,N.Cl, 4:6-Dichloro-5-methylpyrimidine, 50. 
C.H,ON 3-Hydroxypyridine, methiodide, 188. 
cane 5:6-(4:5-Triazolo)-4-hydroxy-2-methylpyrimidine, and its sodium hydrogen salt, 947. 

C;H,O,N 2-Methyloxazole-4-carbox ~ acid, 101. 
C,H,N.Cl 3-Chloro-6- saihetnetinioe, and its salts, 242. 
C;H.N.Cl, 2:6-Dichloro-4-guanidinopyrimidine, 733. 
C,H,ON, 6-Methyl-3-pyridazone, and its salts, 241, 242. 
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C,H,0,N, 4:6-Dihydroxy-5-methylpyrimidine, 49. 

C;H,N;Cl 4-Chloro-2-amino-5-methylpyrimidine, 45. 
4-Chloro-6-amino-5-methylpyrimidine, 50. 

C;H,O.N 2-Nitro-3-methylbuta-1:3-diene, 1474. 
3-Nitropenta-1:3-diene, 1473. 

C;H,0.N, 2-Methylamino-4:6-dihydroxypyrimidine, 732. 
4-Methylamino-2:6-dihydroxypyrimidine, 732. 

C;H,O.N, 4-Guanidino-2:6-dihydroxypyrimidine, 733. 

C,H,0,N, 1-Nitro-5:5’-dimethylhydantoin, 334. 

C;H,0.N, Nitro-tert.-butyl cyanide, 1502. 
2-Nitro-1-methyl-n-propyl cyanide, 1502. 


C,;H,0.N, 5-Amino-4:6-dihydroxy-2-aminomethylpyrimidine, and its hydrochloride, 947. 


C,H,0, cl, 4-Chlorobutyl chloroformate, 178. 
C;H,0.8 f-Acetylthiopropaldehyde, 1610. 
C,H,N.S 4-Methyl-2-aminomethylthiazole, 1373. 
C,H.N.S, 5:5-Dimethyl-2:4-dithiohydantoin, 683. 
CHLN 8, 2-Amino-4-thiazolylmethylisothiourea, and its dihydrochloride, 324. 
Blaming 4:4’-spirothiazoline, and its salts, 325. 
C..0,N 1-Methoxycyclopropane-1-carboxyamide, 1034. 
C;H,O,N 2-Nitro-1-hydroxy-3-methylbut-3-ene, 1474. 
C,H,N,S 4-Imino-5:5-dimethyl-2-thiohydantoin, 685. 
C,H,CIS, 2-Methyl-4-chloromethyl-1:3-dithiolan, 594. 
C.H,,ON, 1:3-Dimethyliminazolid-2-one, 315. 
C;H,,08, 2-Methyl-4-hydroxymethyl-1:3-dithiolan, 594. 
CoH 04K 1:3-Dinitro-2:2-dimethylpropane, 1518. 
C,H,,.N.8 «a-Amino-y-methylthio-n-butyronitrile, oxalate, 1611. 
C,H,.N,8 4-Hydrazino-5:5-dimethyl-2-thiohydantoin, 686. 
C,H,,0,N 2-Nitropentane, 1499. 
Nitroneopentane, 1498. 
C;H,,0,N Methyl nitro-tert.-butyl ether, 1476. 
2-Nitro-3-methoxy butane, 1476. 
1- and 3-Nitro-2-methylbutan-2-ols, 1519. 
Propyl 2-nitroethyl ethers, 1476. 
Cane 2-Nitro-2’-methoxydiethyl ether, 1476. 
C;H,,0,N 2-Nitro-2-methoxymethylpropane-1:3-diol, 1477. 
oa Methyldi-(2-chloroethyl)amine, and its salts, 516. 
C,H,,0ON, §-Amino-aa-dimethylpropionamide, and its salts, 1502. 
B-Amino-a-methylbutyramide, picrolonate, 1502. 
C,H,,0,N, 2-Nitro-2-hydroxymethylbutylamine, and its hydrochloride, 928. 
C;H,,0ON 2-Amino-3-methoxybutane, and its platinichloride, 1477. 
3-Amino-2-methylbutan-2-ol, 1519. 
Ethyl-2-methoxyethylamine, and its picrolonate, 313. 
2-isoPropoxyethylamine, and its picrolonate, 313. 
C,;H,,0.N Methyldi-(2-hydroxyethyl)amine, and its di-p-nitrobenzoate, 516. 
Methyl-2-(2-hydroxyethoxy)ethylamine, and its salts, 532. 
om 30,N 2-Amino-2-methoxymethylpropane-1:3-diol, picrolonate, 1477. 
C.H,,0,P Diethyl methylphosphonate, 1466. 
C;H,,NCl, 8-Chloroethylisopropylamine hydrochloride, 59. 
Dimethyl-8-chloropropylamine hydrochloride, 59. 
C,H,,NS, Methyl-2:2’-dimercaptodiethylamine, and its salts, 321. 
sH,,IS, Dimethyl-2-methylthioethylsulphonium iodide, 770. 
C,H,,0 ON, 5-Amino-2-methylpyrroline N-oxide, 1511. 
C.H,,0,N, 4-Amino-N-f-diethylaminoethylphenol N-methylurethane, salts, 190. 


5 IV 
C,H,N,CiBr £Diee 0 heen Senin 6 eaten, 46 
C;H,0,CIS a-Chloro-f-(acetylthio)propionic acid, 1 
C;H,O a-Bromo-f-(acetylthio)propionic acid, 1033. 
C.H,ONBr a-Bromo-f£-dimethylacrylamide, 1033. 
C;H,O,NCl Morpholine-N-carboxychloride, 313. 
C;H,CIS,As 2-(2-Chlorovinyl)-1:3-dithia-2-arsacyclohexane, 595. 
4-Methyl-2-(2-chloroviny])-1:3-dithia-2-arsacyclopentane, 595. 
C;H,,0,NC] 4-Chlorobutyl carbamate, 179. 
C,H,,0.NS Methyl 2-nitro-1-methylpropyl sulphide, 1479. 
C;H,,0.N.Cl 2-Keto-4:4-dimethyl-2:3:5:6-tetrahydro-1:3:4-oxadiazinium chloride, 181. 
C;H,,ONCl Methyl-2-chloroethy]-2-hydroxyethylamine, and its salts, 519. 
C;H,,0,N,Cl 2-Dimethylaminoethanol hydrochloride urethane, 181. 


5V 
C;H,OCIS.As 5-Hydroxy-2-(2-chloroviny])-1:3-dithia-2-arsacyclohexane, 595. 
4-Hydroxymethyl-2-(2-chlorovinyl)-1:3-dithia-2-arsacyclopentane, 595. 
C;H,,0,NCIS Methyl 2-dimethylaminoethanesulphonate hydrochloride, 181. 


C, Group. 
C,H, Benzene, reaction of, with methyl ether, 928. 


C,H,0, Diacetylenedicarboxylic acid, dihydrate, crystal structure of, 1145. 
C,H,O, Methylbut-l-en-3-yne-1-carboxylate, 1589. 
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C,H,O, Pent-3-en-l-yn-5-ol-l-carboxylic acid, and its S-benzylisothiuronium salt, 1588. 

C,H,O, Hex-2-en-4-yne-1:6-diol, 1589. 

C.H,,0, 2:3-Anhydro-a-methyl-l-ribopyranoside, 972. 
2:3-Anhydro-8-methyl-l-ribopyranoside, 971. 
1:4:3:6-Dianhydro-l-iditol, hemihydrate, 1404. 

C,H,,0;, 3-Methyl l-arabofuranolactone, 1063. 

6H190, Mucic acid, thallous salt, 1381. 
Saccharic acid, thallium hydrogen salt, 1381. 

C.H,.N, 2:5-Diamino-4:6-dimethylpyrimidine, 51. 

C.H,.S cycloHtxene thioepoxide, 1530. 

C.H,,0, 3-Deoxy-f8-methyl-l-xylopyranoside, 971. 

H,.0, 2-Methyl p-arabinose, 1343. 
3-Methyl arabinose, 1063. 

CoH aN, 5-Aminoamy]l cyanide, 1370. 
5-Imino-2:2-dimethylpyrrolidine, and its picrate, 1510. 

C.H,.8 Propyl allyl sulphide, 1529. 

C.H,,N 2:2-Dimethylpyrrolidine, and its picrate, 1510. 

C,H,,N 2-Amino-3-methylpentane, 1497. 

C.H,,N, 2:4-Diamino-2-methylpentane, 1398. 
Hexamethylenediamine, bistoluene-p-sulphonate, 503. 


C.H,ON, 2-Hydroxy-5-cyanopyridine, 88. 

“4 iN, p-Dinitrobenzene, crystal structure of, 884. 

C,H;,O,N isoNicotinic acid, picrate, 1630. 

C.H,O,.Br 2-Bromoacetylfuran, 1658. 

C,H,O,Tl, Hexathallium inositol, 1382. 

C.H.N.Cl, 2:5-Dichloro-3:6-dimethylpyrazine, 1182. 

C.H,CLSi Phenyldichlorosilane, 1593. 

C.H,ON 3-Hydroxy-2-methylpyridine, and its picrate, 133. 

C.H,O,N Ethyl oxazole-4-carboxylate, 102. 

C.H,N.Cl 2-Chloro-3:6-dimethylpyrazine, 1182. 

C.H.N,Cl, 2:6-Dichloro-4-dimethylaminopyrimidine, 732. 
4:6-Dichloro-2-dimethylaminopyrimidine, 732. 

C.H,ON, 2:5-Dimethylpyrazine N-oxide, 1184. 
2-Hydroxy-3:6-dimethylpyrazine, and its picrate, 372. 
3-Methoxy-6-methylpyridazine, and its hydrochloride, 243. 

C,H,O.N, 5-Amidinofurfuryl alcohol hydrochloride, and its salts, 398. 
2:5-Dimethylpyrazine di-N-oxide; 1184. 

C.H,0.N,; $ Midathetisine 4% Ghedeemumtadiien, 733. 
4-Dimethylamino-2:6-dihydroxypyrimidine, 732. 

C.H,O,Br Methyl a-bromo-ff-dimethylacrylate, 1033. 

C.H,N,S 4-Amino-2-methylthio-6-methylpyrimidine, 49. 

C.H,,0,Cl, 5-Chloropenty!l chloroformate, 178. 

C.H,,0.8 f-Acetylthio-n-butaldehyde, 1610. 

C.H,.N.S 4-Methyl-2-(1’-aminoethyl)thiazole, 1375. 
4-Methyl-2-(2’-aminoethyl)thiazole, 1376. 

C.H,.N.8, 5-Methyl-5-ethyl-2:4-dithiohydantoin, 683. 

C,H, N 5-B-Methylthioethyldithiohydantoin, 1612. 

C.H,,ON 2:2-Dimethyl-5-pyrrolidone, and its hydrochloride, 1511. 

C.H,,0C1 1-Chloro-3-methylpentan-2-one, 375. - 

C.H,,0,N 2-Nitro-4-methylpent-2-ene, 1484. 

C.H,,0,N a-Ethoxyethylideneaminoacetic acid, potassium salt, 100. 

C.H,,0,N Nitro-tert.-butyl acetate, 1518. 
2-Nitro-1-hydroxy-3-methyl-2-hydroxymethylbut-3-ene, 1473. 

C.H,,0;Br 3-Bromoglucose, 17. 

C,H, ,CIS, 2:9-Dimeth 

C,H,,ON, 5-Amino-2:2-dimethylpyrroline, N-oxide, and its salts, 1510. 


C.H,.0,N, Seen are oe aneion, and its salts, 927. 
C,.H,,0,N, 1:3-Dinitro-2:2-dimethylbutane, 1519. 


C,H, NS 
C.H,,0ON 1-Amino-3-methylpentan-2-one, hydrochloride, 375. 
C.H,,0,N Methyl B-amino-aa-dimethylpropionate, and its hydrochloride, 1503. 
1-Nitro-2:2-dimethylbutane, 1497. 
2-Nitro-3-methylpentane, 1497. 
C,H,,0,N 2-Butyl 2-nitroethyl ether, 1476. 
Ethyl nitro-tert.-butyl ether, 1476. 
C,H,,0,C1 Methyl-2-hydroxyethyl]-2-[2-(2-hydroxyethoxy)ethoxy]ethylamine, and its salts, 531. 
C,H,,0,P Diethyl vinylphosphonate, 1467. 
C.H,,0,N 2-Nitro-3-methoxy-2-methyl-n-butyl alcohol, 1477. 
C.H,,0,N, Di-(2-nitroisopropyl)amine, 1488. 
C.H,,0,N 2-Methyl l-arabonamide, 1225. 
3-Methyl l-arabonamide, 1064. 
C,H,,NCl, Ethyldi-(2-chloroethyl)amine, and its salts, 516. 
C.H,,CI8 2-Chloroethyl isobutyl sulphide, 1515. 
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C.H,,0.N, Diethyl-2-nitroethylamine, salts, 1488. 

C,H,,0.N, Diglycylethylenediamine, 129. 

C.H,,N,Cl Dimethylethyl-8-chloroethylammonium hydroxide, picrate, 59. 

"H,.ON 2-n-Butoxyethylamine, and its picrolonate, 313. 

Dimethylethyl-8-hydroxyethylammonium hydroxide, picrate, 59. 
Ethyl-2-ethoxyethylamine, and its picrolonate, 313. 
Hexoxyamine, and its salts, 966. 

C.H,,ON, Butoxydiguanide, nitrate, 966. 

C,H,;NCl, Dimethylethyl-8-chloroethylammonium chloride, 59. 

C,H,;NS, 2:2’-Dimercaptotriethylamine, and its salts, 322. 

C.H,;NS, 2:2’:2’-Trimercaptotriethylamine, and its salts, 322. 

C.H,,0.N, 1:6-Hexamethylenedioxyamine, salts, 967. 

C.H,,.0.Si Diethyldimethoxysilane, 1594. 


6 IV 


C.H,0.N.Cl, 2:6-Dichloro-4-nitroaniline, deamination of, 734. 
C,H,ON,S 6-Hydroxy-8-mercapto-2-methylpurine, 946. 
C,H,ON,Cl 2-Chloro-5-hydroxy-3:6-dimethylpyrazine, 1182. 
4-Chloro-6-hydroxy-2:5-dimethylpyrimidine, 1358. 
C.H,O,NS_ 1-Nitro-2-(2-furyl)ethanesulphonic acid, sodium salt, 1484. 
C,H,O.N.S 5-Amino-4-carbethoxythiazole, 1598. 
2-Amino-4-methylthiazole-5-acetic acid, and its hydrochloride, 591. 
4-Methyl-2-aminomethylthiazole-5-carboxylic acid, 1374. 
C,H;0.N.8, 5-Amino-2-mercapto-4-carbethoxythiazole, 1607. 
C,H,O,NS 1-Amino-2-(2-furyl)ethanesulphonic acid, 1484. 
C.H,,0,N.Br, 2:4-Dibromonitro-3-methylpentane, 1491. 
C,H,,0,N.Br 2-Bromonitro-4-nitro-2-methylpentane, 1491. 
10,NS Carbethoxymethyl 2-nitroethyl sulphone, 1480. 
C,H,.0,NCl 2-Chloroethyl N-propylcarbamate, 179. 
5-Chloropentyl carbamate, 179. 
C,H,,;0,.NS S-n-Propylcysteine, 428. 
C,H,,0.NCl 2-Chloroethyl N-diethylcarbamate, 179. 
2-Chloroethyldi-(2-hydroxyethyl)amine, salts, 529. 
C.H,,0,BrP Diethyl bromoethylphosphonate, 1467. 
:30C1,Si, Triethyltrichlorodisiloxane, 1591. 
C,H,.0,NS 2-Amino-4-methylpentane-3-sulphonic acid, 1484. 


6V 


C,.H,O.NCl1,As p-Nitrophenyldichloroarsine, 667. 
4-Methoxymethy]-2-(2-chloroviny])-1:3-dithia-2-arsacyclopentane, 595. 

C,H, ,0,NCIS a-Amino-y-mercapto-y-methyl-n-valeric acid, 1612. 

C.H,,ON.CIS 2-Dimethylaminoethanol hydrochloride N -methylthiourethane, 181. 


C, Group. 
C,H, Toluene, nitration of, 921. 
C.H,, 2:5-Dihydrotoluene, 1647. 


70 


oa 3-Hydroxy-4-methylpent-4-en-1-yne-1-carboxylic acid, 806. 
2 Benzamidine, picrate, 392. 

CHIN 2:3-Dimethylpyridine, methiodide, 1698. 

C.H,,0 2:3-Dihydroanisole, 1646. 

C,H,,N; 4:6-Dimethyl-2-aminomethylpyrimidine, and its hydrochloride, 1374. 

C,H,,0 A!-cycloHexene methyl ether, 105. 

C,H,,0, 2:3-Dihydroxy-[2:2:1]bicycloheptane, 819. 

C,H,.0, -tert.-Butoxyacrylic acid, 1033. 

C,H,,N cycloHexylmethyleneimine, 1116. 

C,H,,0; 2-Methyl B-methyl-p-arabopyranoside, 1343. 
2-Methyl B-methyl-t- ccabenemnctile, 1343. 

C,H,,N, 2-n-Butyldihydroglyoxaline, and its salts, 500. 

C.H,,8 1-Methylcyclohexane-2-thiol, 1537. 
2-Methylcyclohexanethiol, 138. 

C,H,,N, a-Ethyl-a-isopropylacetamidine, and its hydrochloride, 741. 
4:4:6-Trimethylhexahydropyrimidine, 1398. 

C;H,.N, 2-Amino-1-diethylaminopropane, 1513. 
2:4-Diamino-2:3-dimethylpentane, picrate, 1491. 
y-Diethylaminopropylamine, salts, 947. 

C,H,.N, 8-Diethylaminoethylguanidine, dihydriodide, 52. 


7m 

oe p-Chlorophenyleyanamide, 947. 

C.H,O,N, 2:4-Dinitrotoluene, kinetics of nitration of, 474. 
C,H,O;N 3-Hydroxy-6-methylpicolinic acid, 133. 
C.H.N.Br p-Bromobenzamidine, salts, 392, '393. 

C,H,N,S *2-Amino-4-(2’-pyrryl)thiazole, 1659. 

C,H,ON, N-Acetamidopyridine, hydrochloride, 66. 
Benzamidoxime, hydrobromide, 969. 
p-Hydroxybenzamidine, and its salts, 392, 393. 

C;H,N.Cl, 4:6-Dichloro-2-methyl-5-ethylpyrimidine, 1360. 
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C,H,N.S 2:4-Dimethyl-5-cyanomethylthiazole, and its picrate, 1402. 
C,H,ON, 3-Acetamide-6-methylpyridazine, and its salts, 243. 
C,H,O.N 5-Hydroxy-2-methyl-6-hydroxymethylpyridine, and its salts, 133. 
3-Hydroxy-4-methylpent-4-en-1-yne-1-carboxyamide, 807. 
C,H,O,N, 5-Formamido-4-hydroxy-2:6-dimethylpyrimidine, 50. 
3-Nitro-1:5-dicyanopentane, 1507. 
C,H,O,N Ethyl 2-methyloxazole-4-carboxylate, 101. 
C,H,0,N, p-Nitro-o-methoxyphenylhydrazine, 465. 
C,H,N.Cl 4-Chloro-m-tolylhydrazine, 1559. 
C,H,,ON, 2-Hydroxy-3:5:6-trimethylpyrazine, 376. 
C,H, .N.8, 5:5-cycloTetramethylene-2:4-dithiohydantoin, 683. 
C,H,,0,N - 2-Nitro-l-acetoxy-3-methylbut-3-ene, 1474. 
C,H,,N,8 4-Amino-2-methylthio-5:6-dimethylpyrimidine, 48. 
C,H,,N,8, Methyl-2:2’-dithiocyanodiethylamine, hydrochloride, 322. 
C,H,,0,N, 3-Nitro-1:2-dimethyl-n-butyl cyanide, 1507. 
C,H,,0,Cl, 6-Chlorohexyl chloroformate, 178. 
C,H,,.N.S 4-Methyl-2-(3’-aminopropyl)thiazole, 1377. 
7H,,N.S, 5:5-Diethyl-2:4-dithiohydantoin, 683. 
5-Methyl-5-n-propyl-2:4-dithiohydantoin, 683. 
5-Methyl-5-isopropyl-2:4-dithiohydantoin, 683. 
C,H,.N.8, 5-8-Ethylthioethyldithiohydantoin, 1612. 
C,H,,0N 1:2:2-Trimethyl-5-pyrrolidone, 1511. 
C,H,,;0,N 1-Nitro-2:2-dimethylpent-4-ene, 1498. 
C,H,,0,C1 2-Chloro a-methylaltroside, 14. 
3-Chloro a-methylglucoside, 14. 
C,H,,0,Br 2-Bromo a-methylaltroside, 16. 


C,H,,0,N 7n-Amy] 2-nitroethyl ether, 1476. : 
Methyl-2-hydroxyethyl-2-acetoxyethylamine, 517. 
2-Nitroisopropyl n-butyl ether, 1476. 
C,H,,0,P Diethyl propenylphosphonate, 1467. 
ae coma Substance, and its hydrochloride, from hydrolysis of 3-amino 4:6-benzylidene a-methylaltroside, 
1 


C,H,;NCl, Di-(2-chloroethyl)-n- and -iso-propylamines, and their salts, 516. 
Methyldi-(2-hydroxy-n-propyl)amine, and its picrate, 517. 

C,H,,ON, 3-Ureidohexane, 1496. 

C,H,,0,.N, 2-Nitro-1-diethylaminopropane, 1513. , 

C,H,,ON 0O-Heptoxyamine, and its hydrobromide, 966. 

C,H,,ON, Hexoxyguanidine, nitrate, 966. 

C,H,,0.N Di-(2-hydroxyethyl)isopropylamine, and its salts, 516. 
Methyldi-(2-hydroxy-n-propyl)amine, and its picrate, 517. 

C,H,,0,N Methyl-2-hydroxyethyl-2-(2-hydroxyethoxy)ethylamine, and its salts, 517, 531. 

C,H,,0,P Diisopropyl methylphosphonate, 1466. 

C,H,,NS, 2-Aminopropaldehyde diethylmercaptal, and its picrate, 372. 

C,H,,N;8, Methyldi-(2-isothioureido-S-ethyl)amine, trihydrochloride, 321. 

C,H,,ON, Methyl 2:4-diamino-2-methylamy] ether, 1492. 


7 IV 


C,H,NC1,Sb p-Cyanophenylstibinous chloride, 7. 
5: A p-Cyanophen ylstibinous iodide, 8. 
C.H,ON.S 2-Amino-4-(2’-furyl)thiazole, 1658. 
C.H,ONS 4-Nitrosothioanisole, 852. 
C,H.N,CIS 6-Chloro-8-methylthio-2-methylpurine, 947. 
C,H,ONBr 5-Hydroxy-2-methyl-6-bromomethylpyridine, hydrobromide, 133. 
C,H,ON,Cl 4-Chloro-5-formamido-2:6-dimethylpyrimidine, 50. 
C,H,ON,S 6-Hydroxy-8-methylthio-2-methylpurine, 946. 
C.H,ONS 4-Hydroxyaminothioanisole, 851. 
C,H,ON.Cl 4-Chloro-6-hydroxy-2-methyl-5-ethylpyrimidine, 1360. 
C,H,O.NS 2:4-Dimethylthiazole-5-acetic acid, and its hydrobromide, 1402. 
4-Ethylsulphonylpyridine, 53. 
C.H,N.CIS 4-Chloro-2-methylthio-5:6-dimethylpyrimidine, 47. 
C,H,,ON.S 2:4-Dimethylthiazole-5-acetamide, and its picrate, 1402. 
C,H,,0,N.8, 5-Amino-2-methylthio-4-carbethoxythiazole, and its hydriodide, 1608. 


C.H,,.0 2-(2-Bromopropionamido)butan-3-one, 376. 
C,H,,0N,8 4-2’-Hydroxyethylimino-5:5-dimethyl-2-thiohydantoin, 686. 
C,H,,0.N.8 N-Thiocarbethoxymorpholine, 1598. 





7 Iv—8 F ormula Index. 


C,H,,ONC] N-Methyl-N-2-chloroethylmorpholine, = 532. 
CH, (0,8 2NCl 6-Chlorohexy] carbamate, 179. 


ceca Methyl 2:4- dinitro-2-methylamyl sulphide, 1492. 


C,H,,0,N,Cl imethyl-3- caeaneiaeninemeieens chloride urethane, 180. 
C,H,,ONCl Dimethyl-8-hydroxyethylisopropylammonium chloride, 59. 
C,H,,ONBr 3-Dimethylamino-2:2-dimethylpropanol hydrobromide, 59. 


7V 


oor N-B- dee te 9) methochloride, 60. 
C,H,,0N,IS Trimethyl-2-hydroxyethylammonium iodide N-methylthiourethane, 181. 


C, Group. 
C,H,N, 3:5-Dicyanoaniline, 83. 
C,H,O, Anhydrotetronic acid, structure of, 1365. 
C,H,O, f-2-Furoylpropionic acid, 1194. 
pH N, 2-a-Pyridy dihydroglyoxaline, and its salts, 500. 
2-B-Pyridyldihydroglyoxaline, and its salts, 500. 
C,H,,0, Octa-3:5-diyne-1:8-diol, 1582. 
CoH 3-Hydroxy-2-methoxy-4-methylpenta-1:3-diene-1-carboxylic lactone, 807. 
way Ree oxy-4-methylpenta-1:4-diene-]-carboxylic lactone, 807. 
Met yl 3-hydroxy-4-methylpent-4-en-1-yne-l-carboxylate, 807. 
oH a n- and iso-Propyl aconates, 1178. 
N-Meth yibenzamidine, benzenesulphonate, 385. 
5 teers e, picrate, 392. 
C,H,,0 5:6-Dihydro-m- and -p-tolyl methyl ethers, 1646. 
C,H,,0, 2:5- er ent rer pe ether, 105. 
2:5-Dihydroresorcinol dimethyl ether, 105. 
3:6-Dihydroveratrole, 105. 
C,H,,0, Dihydropenicillic acid, 807. 
2H,,0 1-Methoxy-4-methylcyclohexene, 1647. 
C,H,,0, Methyl 2-methylcyclopentan-1-ol-l-carboxylate, 1567. 
uN, 1:2-Bis-(2’-dihydroglyoxalinyl)ethane, and its toluene-p-sulphonate, 500. 
C,H,,0 1-Butoxy-2-methylpropene, 1647. 
C,H,,0, 2:3-Dimethyl galactonic acid, 1625. 
C,H,.N, 5-Methylimino-1:2:2-trimethylpyrrolidine, and its picrate, 1511. 
C,H,,N, «-Amidinoheptane, picrate, 392. 
1:1-Di(aminomethyl)cyclohexane, 1519. 
a-Ethyl-a-n-butylacetamidine, and its picrate, 741. 
C,H, .N 4 Amine Ob Gadthgtiemen, 1497. 


8 I 
C,H;N,.Cl, © 4:6:7-Trichlorocinnoline, 232. 
4:7:8-Trichlorocinnoline, 231. 
C,H,0,,N, 2:4:6-Trinitro-2’:2’:2’-trinitroethylbenzene, 1236. 
C,H,OCl, 2:3:4-Trichloroacetophenone, 231. 
C,H,0,I, 3:4:5-Tri-iodophenylacetic acid, 203. 
C,H,0,N, 5-Nitro-3-cyanobenzamide, 83. 
C,H,O,Br Bromoanhydrotetronic acid, 1368. 
C,H,O 3:5-Di-iodophenylacetic acid, 203. 
C,H,0,N, 3-Nitro-4-cyanoanisole, 440. 
C,H,0. 3:5-Di-iodo-2-hydroxyphenylacetic acid, 203. 
4 4-Nitro-2’:2’:2’-trinitroethylbenzene, 1236. 
5-Bromo-o-tolualdehyde, 692. 
C,H,0,N a-2-Furoylpropionitrile, 1194. 
C,H,O,N 2-Cyano-5-acetoxymethylfuran, 398. 
2 4-Chloro-o-xylylene dibromide, 668. 
C,H,ON, p-Methoxyphenylcyanamide, 916. 
C,H.O.N, 4-Cyano-m-anisidine, 440. 
3-Keto-6-(2’-furyl)-2:3:4:5-tetrahydropyridazine, 1194. 
C,H,0O,N, 2-Nitro-4-formamidotoluene, 249. 
C,H,0,N, 2-Nitro-4-methoxybenzamide, 894. 
Cc ¢ p-Chlorobenzylmethyleneimine, 1118. 
C,H,N,.S 4-(2’-Pyrryl)-2-methylthiazole, 1659. . 
Cc 3(or 4)-Chloro-o-xylyl bromide, 668. 
C,H,ClAs 2-Chloroisoarsindoline, 667. 
C,H,IAs 2-Iodoiscarsindoline, 667. 
C,H,ON, p-Carbamidobenzamidine, salts, 392, 393. 
C,H,OBr o-Bromobenzyl methyl ether, 1639. 
C,H,0O.N Anisamide, oxalate, 100. 
C,H,O.N, N-Methyl- “3 -nitrobenzamidine, and its picrate, 1113. 
2-(2’-Nitrophenyl)dihydroglyoxaline, and its picrate, 500. 
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C,H,0,As o-Xylylenearsinic acid, and its nitrate, 667. 
C,H,O,N 3-Methoxy-6-methylpicolinic acid, 133. 
C,H,,ON, 2-Amino-4-formamidotoluene, 249. 
C,H. 2 4-Methoxyanthranilamide, 894. 
2-Nitroethylaniline, and its hydrochloride, 1488. 
C,H,,0,N, Methyl 4-methylpyrazole-3:5-dicarboxylate, 1033. 
C,H,.N,S, . Bis-(2-amino-4-thiazolylmethy])disulphide, 324. 
C,H;,0,N 1-(1-Nitrovinyl)cyclohexene, and its dimer, 1474. 
110,.N, 5-Acetamido-4-hydroxy-2:6-dimethylpyrimidine, 50. 
C,H,,0) 2-Ethoxy-3:6-dimethylpyrazine, and its picrate, 1182. 
C,H, .N. 5:5-2’-Methylcyclotetramethylene-2:4-dithiohydantoin, 683. 
5:5-cycloPentamethylene-2:4-dithiohydantoin, 683. 
C,H,,0,N 1-Dimethylamino-4-acetoxyprop-2-yne, and its methiodide, 1579. 
C,H,,0,N 1-(1-Nitro-2-hydroxyethyl)cyclohexene, 1474. 
C,H,,0,N A natn Dae ee A 100. 
mine, hydrochloride, 322. 





C,H,,0 2-Nitro-3-n-butoxy-n-butyl alcohol, 1477. 
C,H ‘NCI 3-Chloro-1-dimethylamino-2:2-dimethyl-n-butane, picrate, 59. 
1 Di-n-butyldichlorotin, 1450. 

C,H,,ON, Heptoxyguanidine, nitrate, 967. 

2H,,0ON, Hexoxydiguanide, nitrate, 966. 
C,H,,0,N 2-Amino-3-n-butoxy-n-butyl alcohol, 1477. 

Di-2-ethoxyethylamine, and its picrolonate, 313. 

C,H,,0,P Diethyl n-butylphosphonate, 1466. 
C,H,,.N.8, Ethyldi-(2-isothioureido-S-ethyl)amine, and its trihydrochloride, 322. 
C,H,,0,N, 1:6-Hexamethylenedioxydiguanidine, dinitrate, 967. 


8 IV 

C,H,ON.Cl, 6:7-Dichloro-4-hydroxycinnoline, 232. 
7:8-Dichloro-4-hydroxycinnoline, 231. 

C,H,O,NC] 2-Chloro-5-cyanobenzoic acid, 640. 

C,H,O,N,Cl 7-Chloro-6- and -8-nitro-4-hydroxycinnolines, 236. 

C,H,ON.Cl 7-Chloro-4-hydroxycinnoline, 236. 

' ©,H,0,NCl, 3:4-Dichloro-2-nitroacetophenone, 231. 

C,H,0) 2-Methylthio-4-(2’-furyl)thiazole, and its hydrobromide, 1658. 

5-Bromo-o-toluoyl chloride, 690. 

C,H,O,NC] 4-Chloro-2-nitroacetophenone, 236. 

C,H,0. 4-(2’-Furyl)-2-methylthiazole, and its hydrobromide, 1658. 
ONC! Oo thine dt ted 1194. 

C,H,ON,Cl 6-Chloro-4-hydroxydihydroquinazoline, 895. 

C,H,OCIS Phenyl chlorothiolacetate, 559. 

C,H,O . ww’-Dibromo-5-nitro-m-xylene, 1236. 

C,H,0. 3:5-Di-iodo-4-aminophenylacetic acid, 203. 
ew’-Di-iodo-5-nitro-m-xylene, 1236. 

C,H,0,N,Cl 4-Chloro-2-nitro-3-aminoacetophenone, 231. 
4-Chloro-2-nitro-5-aminoacetophenone, 231. 
4-Chloro-3- and -5-nitro-2-aminoacetophenones, 236. 

C,H,O,N,8 2:4-Dinitrophenyl-2-nitroethyl sulphide, 1480. 

Cc 5-Chloro-2-iodoisoarsindoline, 668. 

C,H,ONC] 4-Chloro-2-aminoacetophenone, 235. 

ore w-Bromo-5-nitro-m-xylene, 1236. 

modo 5-Bromo-o-toluoylhydrazide, 691. 

C,H, 4-Chloro-3-nitrodimethylaniline, and its methiodide, 187. 

C,H,O 1-Nitro-2-phenylethane-2-sulphonic acid, sodium salt, 1484. 

C,H,,ONCl 2-Chloro-5-dimethylaminophenol, 188. 

C,H, ON. 4-Chloro-5-acetamido-2:6-dimethylpyrimidine, 50. 

C,H,,0 ar er pn oa sulphone, thiocyanate, 392. 

-Amidinophenyl methyl sulphone, 394. 

0H, 28, 2-Diacetamido-4-mercaptomethylthiazole, 324. 

C,H,,0,N,8 5-Acetamido-4-carbethoxythiazole, 1598. 

C,H, cycloHexy] trichlorothiolacetate, 141. 

C,H,,0, 1-Amino-2-phenylethane-2-sulphonic acid, 1484. 
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C,H,,0N.8 5:5-cycloPentamethylene-2-thiohydantoin, 686. 
5:5-cycloPentamethylene-4-thiohydantoin, 686. 

C,H,,0C1,8 cycloHexyl dichlorothiolacetate, 140. 

C,H,,0.N,8 Ethyl 2-amino-4-methylthiazole-5-acetate, 591. 

C,H,,0,N,8 -Sulphanilyl-a-methylguanidine, 821. 

C cycloHexy] chlorothiolacetate, 139. 


C,H,,0,N.Cl N-2-Hydroxyethylmorpholine methochloride urethane, 181. 
C,H,,0;,NS8 1-Nitro-2:4:4-trimethylpentane-2-sulphonic acid, sodium salt, 1485. 


C,H,,0,.N,I Trimethyl-2-hydroxyethylammonium iodide N-dimethylurethane, 180. 
C,H,,0C1,Si, Tetraethyldichlorodisiloxane, 1591. 


C, Group. 
C,H, Indene, isolation of, from heavy naphtha, 369. 


9 
C,H,O, Anhydrotetronic acid methyl ether, 1368. 
C,H,N, 1-Phenyliminazole, and its picrate, 102. 
C,H,I, ww’w”’-Tri-iodomesitylene, 1237. 
C,H,,0; Homovanillin, 1692. 
100, %- and iso-Propyl coumalates, 1178. 
C,H,,.N, 2-Phenyldihydroglyoxaline, and its salts, 500, 504. 
'9H,,N, 2-a-Pyridyl-3:4:5:6-tetrahydropyrimidine and its picrate, 500. 
C,H,,0, Catechol isopropyl ether, 104. 


C,H,,0, 2- and iso-Butyl aconates, 1178. 
Methyl penicillate, 807. 
C,H,.N, NN’-Dimethylbenzamidine, sulphamate, 385, 504. 
N-Ethylbenzamidine, salts, 385. . 
C.H,,0 Non-2-en-4-yn-l-ol, 1585. 
C,H,,0, 4-Methyl-3:6-dihydroveratrole, 105. 
C,H, ,P Triallylphosphine, 1448. 
C,H,,0 2:2:3-Trimethylcyclohexanone, 1567. 
C,H,,0; 3:4-Acetone £-methyl-L-arabinoside, 1343. 
2-Methyl acetone L-arabinose, 1344. 
3-Methyl 1:2-acetone l-arabinose, 1063. 
3:4-isoPropylidene B-methyl-l-arabopyranoside, 971. 
C,H,,0, 2-Methyl a-methyl-p-galacturonoside methyl ester, 1340. 
C,H,,.N, 1:3-Bis-(2’-dihydroglyoxalinyl)propane, and its toluene-p-sulphonate, 500. 
C.H,,.8 Geraniolene sulphide, 1529. 
C,H,,0, aaff-Tetramethylvaleric acid, 1498. 
C.H,,0, Methyl af-diethoxypropionate, 1032. 
C,H,,N, 2:2:4:4:6-Pentamethyl-2:3:4:5-tetrahydropyrimidine, and its hydrate, and its oxalate, 1397. 
C,H,,.8, Geraniolene disulphide, 1538. 
C,H.,.N, NN-Diethyl-n-valeramidine, picrate, 395. 
2:2:4:4:6-Pentamethylhexahydropyrimidine, 1398. 
C,H,,.Sn Triethylallyltin, 1450. 
C,H,,N, s-Tetraethylguanidine, and its picrate, 396. 
C,H,.N, Aminoisopropylamino-2-methylpentane, and its dihydrochloride, 1398. 


, 9 I 
C,H,0Cl o-Chlorophenyl ethynyl ketone, 1630. 
C,H,0,N 6-Nitro-3-methoxyphthalic anhydride, 354. 
C,H,N,Cl 2:4-Dichloro-6-p-chloroanilino-1:3:5-triazine, 158. 
C,H,O,N, 5- and 7-Nitroquinolines, and their salts, 442. 
C,H,O,N, Methyl 5-nitro-3-cyanobenzoate, 83. 

C,H.NCI 4-Chloroquinoline, and its salts, 440. 
7-Chloroquinoline, and its salts, 441, 443. 

C,H,NBr 5-Bromoquinoline, and its salts, 440. 
7-Bromoquinoline, and its salts, 441. 

C,H,ON 5-Hydroxyquinoline, and its salts, 440. 
7-Hydroxyquinoline, and its salts, 441. 

C,H,OCl o-Chlorophenylethynylcarbinol, 1630. 

C,H,0,N 5-Nitroindene, and its polymer, 95. 
Pyrrocoline-2-carboxylic acid, 674. 

C.H,0,N 6-Nitro-3-methoxyphthalic acid, 355. 

C,H,N.Cl 8-Chloro-6-aminoquinoline, 679. 
6-Chloro-4-methylcinnoline, and its picrate, 811. 
7-Chloro-4-methylcinnoline, 811. 
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C,H,ON, Benzamidomethyl cyanide, 1371. 

C,H,0,N, 2:4-Dihydroxy-7-methoxyquinazoline, 899. 

C,H,O.N, 5-Nitro-ON-diacetylindoxyl, 611. 

C,H,0O,N, Malonic semi-aldehyde 2:4- ny drazone, 1032. 

or ~H,.N.S 5-Amino-4-phenylthiazole, and its yasschloride, 1598. 

oHLNS, 5-Amino-2-mercapto-4-phenylthiazole, and its hydrochloride, 1603. 
om :4-Dithio-5-phenylhydantoin, 1606. 
C,H,N,Cl 2-Chloro-7-amino-4-methyl-1:8-naphthyridine, 1409. 

C,H,0.Br 5-Bromo-2-hydroxy-4-methylacetophenone, 230. 
5-Bromo-o-tolylacetic acid, 691. 

C,H,0O,N 6-Nitro-1- hydrindenol, 95. 

C,H,N.Cl 2-(4’-Chlorophenyl)dihydroglyoxaline, and its salts, 500. - 

oan 2-p-Hydroxyphenyldihydroglyoxaline, and its salts, 504. 

C,H,,0 ON, 2 2-Nitro-3-amino-4-methylacetophenone, 230. 
2-Nitro-5-amino-4-methylacetophenone, 230. 
3-Nitro-5-amino-4-methylacetophenone, 229. 

C,H,,0,N, 2-Carbamido-4-methoxybenzoic acid, 898. 

10 5-Chloro-2-methylisoarsindoline, and its salts, 669. 

C,H,,0N, Benzamidoacetamidine, hydrochloride, 1374. 

C,H,,0,N 3-Nitro-4-isopropylphenol, 186. 

ono B-(3:4-Dihydroxyphenyl)serine, and its picrate, 660. 

C,H,,08 Methyl 2-phenoxyethyl sulphide, 770. 

C,H,,.0,N, 3-Dimethylaminophenol urethane, methiodide, 189. 
Methyl-2-nitroethylaniline, hydrochloride, 1489. 
2-Nitro-4-aminoisopropylbenzene, 186. 
3-Nitro-5-dimethylaminotoluene, methiodide, 187. 

eS Eee Tethh, 1489. 
HANS, 2:2’:2’’-Trithiocyanotriethylamine, hydrochloride, 322. 

CH 3-Amino-4-isopropylphenol, 186. 
4-Dimethylamino-o-cresol, and its methiodide, 188. 
5-Dimethylamino-m- cresol, 188. 
2-Dimethylamino-p-cresol, and its methiodide, 188. 

CoH.,ON, 3- Ureidophenyldimethylamine, and its methiodide, 185. 

C,H,,0,N 5-Methoxy-2-methyl-6-methoxymethylpyridine, picrate, 133. 

C,H,,0,Br Diethyl y-bromomesaconate, 1179. 

C,H,,0,N, Cytidine, synthesis of, 1052. 

C,H,,NS p-Tolyl 2-aminoethyl sulphide, hydrochloride, 1481. 

C,H,,0.N, 1-Nitro-1-(2-cyanoethyl)cyclohexane, 1507. 

CHL ANS, 5: wth anon 8g . 4-dithiohydantoin, ¢ 


C,H,,ON, 5- -Amino- 2: 2. aeieienetis N-oxide, and its hydrochloride, 1511. 
C,H,,OS 2-Methylcyclohexyl thiolacetate, 138. 
C,H. 2:2-Pentamethylene-4-hydroxymethyl-1:3-dithiolan, 595. 
GoHtie0 8-Chloro-octyl chloroformate, 178. 

C.H,,0,Br, 1-Bromo-3-(2- bromoethyl)hexane- 1-carboxylic acid, 224. 
C,H,,0,8 Methylcyclohexylthioglycollic acids, 39, 
C,H,,0,N, Nitro-2-(1- nitroisopropyl)cyclohexane, 1491. 
C,H,,0,8 1-Methylcyclohexylglycollyl sulphones, 39. 
C,H,,.N.S, 5-Methyl-5-n-amyl-2:4-dithiohydantoin, 683. 
C,H.,0.N 2-Nitroisopropyleyclohexane, 1499. 
C,H,,0,.Br 3-(2-Bromoethyl)hexane-1-carboxylic acid, 224. 
C,H,,0,N, Methyl 5-ketoheptoate semicarbazone, 1108. 
C,H,,ON, 1:3-Di-n-propyliminazolid-2-one, 315. 

ga ,0,8 n-Butyl 3-ketoamyl sulphone, 1516. 

wr 1-Nitro-2:2:3:3-tetramethylpentane, 1498. 

C,H,,0,N Hexoxyurethane, 966. 

Nitro-tert.-butyl n-amyl ether, 1476. 
on on F -Chloroethyldiisopropylamine hydrochloride, 59. 
onoxyamine, salts, 967. 
CHOP Diethyl ya oe ere 1466. 
Diethyl 3-methyl-n-butyl-1-phosphonate, 1467. 

GoHaN8, Tri-(2-isothioureido-S-ethyl)amine, tetrahydrochloride, 322. 

C,H,,0,P, Tetraethyl methylenediphosphonate, 1467. 


9 IV 


C,H,ON,Cl, 2:4-Dichloro-7-methoxyquinazoline, 899. 
C,H,ON,Cl 6-Chloro-4- Ap linen -methylcinnoline, 230. 
8-Chloro-4-hydroxy-7-meth noline, 231. 
4- (iieceddherinetiion 920. 
6-Chloro-4-methoxycinnoline, 1655. 
6-Chloro-1-methyl-4-cinnolone, 1655. 
C,H,ON 6-Bromo-4-hydroxy-7-methylcinnoline, 230. 
C,H,0.N,8, p-Nitrophenyl 2-amino-5-thiazyl sulphide, 112. 
2-Chloro-4-methylthioquinazoline, 780. 
C,H.N.CIS, 2-p-Chlorobenzenesulphenamidothiazole, 113. 
p-Chloropheny] 2-acetamido-5-thiazyl sulphide, 113. 
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C,H.N.BrS 5-Bromo-2-amino-4-phenylthiazole, 118. 
C,H,ON,Br 5-Bromo-o-tolyl diazomethyl ketone, 690. 
C,H,O,NCl 3-Chloro-2-nitro-4-methylacetophenone, 230. 
5-Chloro-2-nitro-4-methylacetophenone, 230. 
C,H,O,NBr 5-Bromo-2-nitro-4-methylacetophenone, 230. 
C,H,ONS 2-Methyldihydro-1:3-benzthiazine-4-one, 764. 
C,H,0.C1,Sb p-Carbethoxyphenylstibinous chloride, 8 
C,H,0.1,8b p-Carbethoxypheny] stibinous iodide, 8. 
C,H,O,NS 2-Methyldihydro-1:3-benzthiazine-4-one S-dioxide, 764. 
6-Chloro-4-aminocinnoline methiodide, 1655. 
C,H,,ONC] 5-Chloro-2-amino-4-methylacetophenone, 230. 
C,H,,ONBr 5-Bromo-2-amino-4-methylacetophenone, 230. 
C.H,,ON,S Benzamidothioacetamide, 1373. 
C,H,,ON,Br 5-Bromo-o-tolualdehyde me ne eng 692. 
C,H,,0,N.8 2-(4’-Sulphophenyl)dihydroglyoxaline, 500 
7 5-Hydroxy-2-phenyl-1:3-dithia-2- arsacyclohexane, 595. 
OH Phenyl-4-hydroxymethy]-1:3-dithia-2-arsacyclopentane, 595. 
,0.NS Methyl 2-nitro-1-phenylethyl sulphide, 1479. 
i 2-nitroisopropyl sulphide, 1479. 
C,H,,0.N,8 2-(4’-Sulphonamidophenyl)dihydroglyoxaline, and its toluene-p-sulphonate, 500. 
9H,,0.N,8, p-Methylsulphonylbenzamidinium thiocyanate, 391. 
C,H,,0,NS N -Acetylbenzenesulphonmethylamide, 387. 
6H,,0,NS p-Tolyl 2-nitroethyl sulphone, 1481. 
C,H.,ONCI 5-Chloro-2-aminophenyldimethylcarbinol, 810. 
C,H,,0.N,8 2-p-Aminobenzenesulphonamidoiminazoline, 822. 
C,H,,0,N,8 §-Sulphanilyl-a-acetylguanidine, 822. 
C,H;,! Pheny] 2-methylthioethyl sulphide mercurichloride, 772. 
C,H, ; 2-Methylcyclohexy] trichlorothiolacetate, 141. 
C,H,,0.NS Ethyl 2:4-dimethylthiazole-5-acetate, and its picrate, 1402. 
C,H,,0,N.P Uridine-2’-phosphate, and its salts, 341. 
C,H,,0.N,8 §-Sulphanilyl-aa-dimethylguanidine, 821. 
,s30CIS 2-Methylcyclohexyl chlorothiolacetate, 139. 
C,H,,0,NCl Di-(2-ethoxyethyl)carbamyl chloride, 313. 
oH,,NCIS, 2-Chloroethyl 2-(N-diethyldithiocarbamato)ethyl sulphide, 850. 
OHO NCI Sapstiel bhedecapeliemntnanien chloride N-allylurethane, 180. 
C,H,,0,N. Trimethyl-2-hydroxyethylammonium chloride N-propylurethane, 180, 
Taher ee 5-hydroxypentylammonium chloride urethane, 180. 
C,H,,0,N,I Triethyl-2-hydroxyethylammonium iodide urethane, 181. 


9V 


C,H,O.N.CIS, p-Chloropheny] 2-amino-5-thiazyl sulphone, 114. 
Cc O.NBr8 3-Bromo-1-p-nitrobenzenesulphonylacetone, 117. 
C,H,,0,NBrS 7-Butyl 3-bromo-3-nitroamy! sulphone, 1516. 


C,, Group. 


C,.H, Naphthalene, chloromethylation of, 1432. 
C,.H,, Tetrahydronaphthalene, chloromethylation of, 1432. 


10 0 


C,H,N J/-a-Phenylethyldimethylamine, and its picrate, 94. 
C,oH,O, Octa-1:7-dien-3:5-diyne-1:8-dicarboxylic acid, 1589. 
C,.H,N, 5-Cyanoquinoline, and its salts, 439. 
7-Cyanoquinoline, and its salts, 441. 
C, 1:5-Di-iodonaphthalene, 81. 
C,oH,O, _m-Methoxypheny] ethyny] ketone, 348. 
C,.H,0, 0o-Methoxyphenylpropiolic acid, dimerisation of, 224. 
p-Fluorophenylbutadiene, 1095. 
C,.H,Cl 1-(p-Chloropheny])buta-1:3-diene, 1095. 
OHO. 1-(p-Bromopheny])buta-1:3-diene, 1095. 
Deca-2:8-dien-4:6-diyne-1:10-diol, 1589. 
“m mullcthoryphenyieth nylearbinol, 348. 
C,.H,,0, p-3-H xybenzoylpropionc oat. 1193. 
B Ambo? mateylguinclie, 66 1. 
1-Pheny]-2-methyliminazole, and its picrate, 102. 
10H,,0, Clavatol, 612. 
Pent-2-en-4-yn-1-ol, 1584. 
C, aH, 20, n- and iso-Butyl coumalates, 1178. 
1 B-2-furoylpropionate, 1194. 
C,H 1M, 2-Benzyldihydroglyoxaline, and its salts, 500. 
Phenyl-3:4:5:6-tetrahydropyrimidine, and its alta, 500. 
C,.H,,N, 2-(4’-Aminobenzyl)dihydroglyoxaline, and its salts, 500. 
C,oH,,0, Deca-4:6-diyne-2:9-diol, 1582. 
2-(2:3-Epoxy-1-butoxy)hex-en-5-yne, 1585. 
o-2- ne ee tet 7 SO methyl ether, 1639. 
droxycyclohex-1-enyl-a-isobutyrolactone, 1166. 
c, HX, N-Methyl-N’-ethylbenzamidine, and its salts, 385. 
C,H, Br, trans-4:4’-Dibromo-2:2’-dimethylstilbene, 692. 
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C,.H,,.Br, -Phellandrene tetrabromide, 1039. 
C,oH,,0; 3:5-Dimethyl acetone l-arabofuranose, 1064. 
2-Methy] 3:4-acetone B-methyl-p-arabopyranoside, 1343. 
2-Methy] 3:4-acetone 8-methyl-L-arabopyranoside, 1343. 
CioH,.N, 1:4-Bis-(2’-dihydroglyoxalinyl)butane, and its toluene-p-sulphonate, 500. 
1:2-Bis-(2’-tetrahydropyrimidyl)ethane, and its toluene-p-sulphonate, 500. 
C,.H,,8 Dihydromyrcene sulphide, 1528. 
Thiolacetyl rubber, 139. 
C.oH,,.N aa-Diethyl-a-n-butylacetonitrile, 741. 
CioH.,0 2:2:6-Trimethyl-6-ethyltetrahydropyran, 1108. 
CioH. 0, 2-(2:3-Epoxy-1-butoxy)hexane, 1585. 
CicoHaoN, 4:4’-Bis-(dihydroglyoxalinyl)stilbene, and its toluene-p-sulphonate, 500. 
CoH, N, 2:6-Diamino-4-8-diethylaminoethylaminopyrimidine, and its picrate, 46. 
Cc. 2:3-Dimethy]-6-isopropyltetrahydrothiopyran, 1539. 
2:2:6:6-Tetramethyltetrahydrothiopyran, 1107. 
2:2:6-Trimethyl-6-ethyltetrahydrothiopyran, 1108. 
C,,H,.Sn Diethyldiallyltin, 1450. 
C,.H,,0, 2:6-Dimethyloctane-2:6-diol, 1108. 
Cc; 2 Decoamidine, hydrochloride, 741. 
aa-Diethyl-a-n-butylacetamidine, and its picrate, 741. 
10H 225. Siotcamsesenstiah, 139. 
2:6-Dimercapto-2:6-dimethyloctane, 1538. 


. 10 
C,oH,0,.N, 2:4:6:8-Tetranitro-1:5-dihydroxynaphthalene, 353. 
C,.H,0,N, 2:4:6-Trinitro-1:5-dihydroxynaphthalene, 353. 
C,.H,O,N, 1:8-Dinitronaphthalene, preparation of, 1109. 
C,oH,O,N, 2:4-Dinitro-1:5-dihydroxynaphthalene, 353. 
2:6-Dinitro-1:5-dihydroxynaphthalene, 353. 

C,.H,O,N, Tetranitronaphthylenediamines, 81. . 

C,.H,0,N 7-Nitro-2-naphthol, 331. 

C,oH,0,N, 1:7-Dinitro-2-naphthylamine, 1061. 

C,oH,0,,N, 5-Nitro-1:3-bis-2’:2’:2’-trinitroethylbenzene, 1236. 

C,.H,N 1:4-Dichloro-2-naphthylamine, 543. 
1:5-Dichloro-2-naphthylamine, 543. 

C,.H,NBr, 7:8-Dibromo-2-naphthylamine, 329. 

C,.H,N,Cl, 4:6-Dichloro-2-amino-5-phenylpyrimidine, 1362. 

C,.H.0,.N, 1:4-Bis-2’:2’:2’-trinitroethylbenzene, 1236. 

Cio N 7-Chloro-8-methylquinoline, and its salts, 442. 
Chloro-2-naphthylamines, 330, 548, 549. 

C,.H,NBr 6- and 7-Bromo-2-naphthylamines, 330. 

C,.H,NI 6- and 7-Iodo-2-naphthylaminés, 330. 


CoH N Cl, 4-Chloro-2-amino-6-p-chloroanilinopyrimidine, and its hydrochloride, 1361. 
1 


oH,ON 5-Methoxyquinoline, and its picrate, 440. 
7-Methoxyquinoline, and its salts, 441, 444. 
C,.H,O,N -3- and -4-Hydroxybenzoylpropionitriles, 1193. 
Methyl pyrrocoline-2-carboxylate, 674. 
C,.H,O,N, 2-Amino-4-hydroxy-5-phenoxypyrimidine, 46. 
Base, from nitration of o-acetamidoacetophenone, 238. 
C,.H,0,.Br 4-Bromo-2-methylcinnamic acid, 692. 
C,oH,O,Br £-p-Bromobenzoylpropionic acid, 1193. 
C, 2- ng hE oe Ithiazo le, and its hydrobromide, 1658. 
C, HN. 1-Chloro-2-na‘ rom marae 543. 
10f,00N, Benzamidoethyl cyanides, 1371. 
C,oH,,0.8 8-(Benzylthio)acrylic acid, 1033. 
C,oH,,0,N, 3-Nitro-2-acetamidoacetophenone, 238. 
10H;oN,§ *.5-Amino-2-benzylthiazole, 1596. 7 
Phenylthionacetamidoacetonitrile, and its hydrochloride, 1596. 
C,oH,.N.S, 5-Amino-2-methylthio-4-phenylthiazole, and its salts, 1604. 
2-p-Toluenesulphenamidothiazole, 113. 
p-Tolyl 2-amino-5-thiazyl sulphide, 113. 
C,oH,.N,Cl 6-Amino-2-p-chloroanilino-4-methy]-1:3:5-triazine, 158. 
C,oH,,0C1 p-Chlorophenylpropenylearbinol, 1095. 
‘p-Chlorost Imethylearbinol, 1095. 
C,.H,,0Br p-Bromophenylpropenylcarbinol, 1095. 
p-Bromostyrylmethylcarbinol, 1095. 
C,.H,,0F - p- pee ee Ne eI 1095. 
‘p-Fluorostyrylmethylcar inol, 1095. 
C,.H,,0,N 1:2:3:4-Tetrahydroisoquinaldinic acid, 129. 
C,oH,,0,N §-4-Hydroxybenzoylpropionamide, 1195. 
C.oH,,0,N, 9-d-Mannopyranosidoadenine picrate, 357. 
C,oH,,0,N 4-Methylcinnoline-7-carboxylic acid, preparation of, 809. 
C,oH,,NS 3-Ethyl-2-methylenebenzthiazoline, 956. 
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C,oH,,NSe 3-Ethyl-2-methylenebenzselenazoline, 956. 

C,oH,,CIS, 2-Phenyl-4-chloromethyl-1:3-dithiolan, 594. 

C,oH,,ON, 2-p-Anisyldihydroglyoxaline, and its salts, 500. 

C,oH,,08 f-Benzylthiopropaldehyde, 1611. 

2-Phenyl-4-hydroxy-1:3-dithian, 594. 
2-Phen 1-4-hydroxymethyl-1:3-dithiolan, 594. 

C,.H,,0,N, §-Benzamidopropionamide, 1376. 

C,oH,,0,8 Methyl 2-benzoyloxyethyl sulphide, 769. 

C,.H,,0;N, 2-Nitroethylacetanilide, 1488. 

a9 « Eugenol sultone ”’, 127. 

C,oH,,0,N, 9-d-Xylopyranosidoxanthine, 381. 

CioH,,0N 7-Hydroxy-1l-methyl-1:2:3:4-tetrahydroquinoline, 186, 188. 
10H,,;0N, §-Benzamidopropionamidine, hydrochloride, 1376. 
10H,;0C1 0-2-Chloroethylbenzyl methyl ether, 1640. 

C,,H,,0,N 5:6-Dihydroxy-2-methyltetrahydroisoquinoline, salts, 194. 
6:7-Dihydroxy-2-methyltetrahydroisoquinoline, hydrobromide, 194. 
4-Methoxybenzylacetoxime, 196. 
2-Methoxypropiophenone oxime, 196. 

C,.H,,;0,N a-Amino-y-(p-hydroxyphenyl)butyric acid, 1572. 

Methyl 2-nitro-1-phenyl-n-propyl ether, 1476. 

Gres O aN 5-Acetoxymethylfuran-2-iminoether, hydrochloride, 398. 
C.oH,;0,N, Di-(2-nitroethyl)aniline, and its hydrochloride, 1488. 

330,As Phenyl-3-carboxy-n-propylarsonic acid, 623. 

C,,H,,0.N B-(3:4-Dihydroxypheny]l)-N -methylserine, 661. 

CioH,;0,C1 2-Chloro 3:4-diacetyl 1:6-anhydro f-altrose, 15. 

140.N, 2-Dimethylaminophenol N-methylurethane, methiodide, 189. 
3-Dimethylaminophenol N-methylurethane, salts, 189. 
4-Dimethylaminophenol NV-methylurethane, methiodide, 189. 
Ethyl-2-nitroethylaniline, and its salts, 1489. 
2-Furyl B-dimethylaminoethyl ketone cyanohydrin, 1194. 
Methyl-2-nitropropylanilines, and their salts, 1489. 
2-Nitro-4-dimethylamino-1l-ethylbenzene, methiodide, 187. 
4-Nitro-6-dimethylamino-m-xylene, methiodide, 187. 

C,.H,,0,8 2-Hydroxy-3-methoxy-5-n-propylbenzenesulphonic acid, and its salts, 125. 
5-Hydroxy-4-methoxy-2-n-propylbenzenesulphonic acid, and its salts, 126. 

C,.H,,0,N, 1-d-Arabinosidoglyoxaline-4:5-dicarboxyamide, 380. 

1-l- Arabinosidoglyoxaline-4:5-dicarboxyamide, 380. 

i. d-Xylopyranosidoglyoxaline-4:5-dicarboxyamide, 381. 

C,.H,,ON 3-Dimethylamino-4-ethylphenol, methiodide, 188. 

6-Dimethylamino- 2-ethylphenol, and its methiodide, 188. 

é. Dimethylamino-m-4-xylenol, 188. 
Dimethyl-8-(hydroxyphenyl)ethylamines, salts, 194. 
a-(2-Methoxyphenyl)propylamine, picrate, 196. 
Phenyldimethylaminomethylcarbinol, and its salts, 168. 

C,.H,,0,.Br cycloHex-1l-enyl-a-isobutyrobromolactone, 1165. 

C,.H,,0,N 1-Nitro-2-(2-furyl)hexane, 1500. 

C,.H,,0,N 1-(1-Nitro-2-acetoxyethyl)cyclohexene, 1474. 

C,.0H,,NS Methyl 2-benzylaminoethyl sulphide, and its salts, 771.: 

C,.H,,8,.P Triallylphosphine-carbon disulphide, 1448. 

C,.H,,ON, 2:4-Tetramethyldiaminophenol, dimethiodide, 188. 
2:5-Tetramethyldiaminophenol, dihydrochloride, 188. 

C,.H,,.N.S, Dimethylcyclopentamethylenes, 683. 
5-Methyl-5-isohexenyl-2:4-dithiohydantoin, 683. 
5-Methyl-5-cyclohexyl-2:4-dithiohydantoin, 683. 

C,oH,,ON 1-Diethylaminohex-4-en-2-yn-6-ol, 1579. 

C,oH,,0,N, 2-2’-Hydroxyethylimino-5:5-cyclopentamethylenehydantoin, 686. 
4-2’-Hydroxyethylimino-5:5-cyclopentamethylenehydantoin, 686. 

aa Ethyl ethoxycarbethoxymethyleneaminoacetate, 100. 
C,.H,,0,C1 2-Chloro-3:4-acetone a-methylaltroside, 15. 
10H,,0;Br 2-Bromo-3:4-acetone a- sastahiteedie, 17. 

1308 3-Methyl-1:2-acetone glucofuranose 6-sulphate, barium salt, 1677. 

C.,H,,0,Cl, 9-Chloronony] chloroformate, 178. 

C,oH,,0,8 2-Methanesulphonyl 3:4-acetone B-methyl-p-arabinoside, 1343. 

C,.H,,.IP Methyltriallylphosphonium iodide, 1448. 

C,.H,,ON 1-Diethylaminohex-2-yn-5-ol, and its picrate, 1579. 

C,.H,,ON, 2:2:3-Trimethylcyclohexanone semicarbazone, 1567. 

C,.H,,0,N Sebacic semialdoxime, 755. 

10,918 Geraniolene sulphide methiodide, 1531. 

C,,H.,0.N, : 4. Dincstemido- 2-methylpentane, ag 


Hydroxymethyl-2:4-dinitro-4-hydroxymethyl-2-ethylhexylamine, salts, 926. 
©,H.,0, 3 Trisdimethylthallium tartrate, 1384. 
C,oH,,0N, N-Methyl-N’N’-diethyl-N-3-methylaminopropylurea, 315. 
- Nonoxyguanidine, nitrate, 967. 
C,.H.,0,P Diethyl] n-hexylphosphonate, 1466. 
C,oH,,0,N, 1:10-Decamethylenedioxydiamine, dihydrochloride, 967. 
1 
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C,oH,,0,P, Tetraethyl ethylenediphosphonate, 1467. 
C,oH,,0,8i, Pentaethyldisiloxanol, 1592. 


10 IV 


C,.H,0,NBr, 1:2-Dibromo-7-nitronaphthalene, 329. 
:4-Dibromo-1-nitronaphthalene, 128. 

C,,.H,O,NC1 2-Chloro-6-nitronaphthalene, 330. 
2-Chloro-7-nitronaphthalene, 330. 
6-Chloro-2-nitronaphthalene, 548. 

C,.H,O,NBr 2-Bromo-7-nitronaphthalene, 330. 

C,.H,0,NI 2-Iodo-6-nitronaphthalene, 330. 
2-lodo-7-nitronaphthalene, 330. 

GieH ONC, 6:7-Dichloro-4-acetoxycinnoline, 232. 

r 1-Bromo-7-nitro-2-naphthylamine, 329. 

Cre On Propylammonium toluene-p-sulphonates, 385. 

N,Cl 2:4:6-Trihydroxy-5-p-chlorobenzeneazopyrimidine, 1248. 

0 eHLONCL i a sae Ne 1193. 

C,.H,ONBr f-p-Bromobenzoylpropionitrile, 1193. 

C,.H.ON,Cl 4-Chloro-2-amino-5-phenoxypyrimidine, 46. 

C,.H,ON,Cl, 2:4-Dichloro-6-p-anisidino-1:3:5-triazine, 158. 

C,,H,O 0.N, § 2-Amino-4-0-carboxyphenylthiazole, 1657. 

tsoNitroso-2-acetonylbenzthiazole, 1621. 

a or 2-Acetonylbenzthiazole, 1621. 

C,,.H,ON,Cl 2-Chloro-3:4:2’:3’:-pyridoacridone, 680. 

C,oH,ON,Cl 2-p-Chloroanilino-4 ZT hydroxy-6-methyl-1:3:5-triazine, 158. 
C,,.H,O,NS 3-Keto-2-acetyl-2:3-dihydrobenzthiazine, 1621. 
C,,.H,0.N,8, 2-p-Nitrobenzenesulphenamido-5-methylthiazole, 114. 

p-Nitrophenyl 2-amino-4-methyl-5-thiazyl sulphide, 115. 

Ono Nt 2-Keto-1-propionyl-1:2-dihydrobenzisothiazole S-oxide, 763. 
0,N,Cl 4-Chloro-2-nitro-3-acetamidoacetophenone, 231. 
oro-2-nitro-5-acetamidoacetophenone, 231. 

oan N,S, 2-Amino-4-(p-nitrophenylsulphon pecingiteieasio, 117. 

a eee 2-amino-4-methyl-5-thiazyl sulphone, 117. 
Tp Cadsesheasunecthcioemele 4 cseatidandin, 116. 
"?- -Chlorophenyl 2-amino-4-methyl-5-thiazyl sulphide, 116. 
C,.H,,0,.NC] 4-Chloro-2-acetamidoacetophenone, 235. 
4.0 oro-3-acetamidoacetophenone, 231. 

O08, p-Tolyl 2-amino-5-thiazyl sulphone, 114. 

C, oH, oN 5- Fen ne von Coubiuahieaniinn, 956. 

C,.H,.N,CII 7-Chloro-4-methylcinnoline methiodide, 811. 

Ja eed RP tee rt 1194. 

C,.H,,0NS 2-Ethyldihydro-1:3-benzthiazine-4-one, 764, 

110.N,8, 2-Amino-4-(p-aminophenylsulphonylmethyl)thiazole, 117. 

CoH, 0,8,A8 2-(p-Carboxypheny]l)-4-hydroxymethy]-1:3-dithia-2-arsacyclopentane, and its brucine salt, 


©,,H,,0N,8 a- pr eoaree ne -m 1375. 
ag ae arene ve ew 
C,.H,,ON. 3-Bromo-4-meth a semicarbazone, 230. 
€,.H,,0,NCl 2-Chloroethyl N-benzylcarbamate, 179. 
€,oH,,0,NI 2-Iodoethyl N-benzylcarbamate, 179. 
C,oH,,0,N.8 2-(4’-Methylsulphonylphenyl)dihydroglyoxaline, and its toluene-p-sulphonate, 500. 
a9 Phenyl-3-carboxy-n-propylchloroarsine, ‘ 
€,,H,,0,N.S 2- (4’-Sul hopheny])-3:4:5:6-tetrahydropyrimidine, 500. 
€,.H,,0,N,8 §-Methylthiopropaldehyde dinitrophenylhydrazone, 1611. 
10H,;30,N,Cl 2-Chloro-5-dimethylaminophenol NV-methylurethane, salts, 190. 
C..H,,0,N,8 2-(4’-Sulphamidobenzyl)dihydroglyoxaline, and its salts, 500. 
€,oH,,0,N,8 Acetylsulphanilamidoacetamide, 1375. 
€,oH,,0.N.8 1-Acetyl-5:5-cyclopentamethylene-2-thiohydantoin, 686. 
NN -Dimethyl-p-amidinophenyl methyl sulphone, salts, 392, 393. 
N-Ethyl-p-methylsulphonylbenzamidine, salts, 1112. 
oH 0.88 2-p-Aminobenzenesulphonamidotetrahydropyrimidine, 822. 
CoH, .0 4N,8 8-p-Acetamidobenzenesulphonyl-a-methylguanidine, 821. 
‘Acetylsulphanilamidoacetamidine, hydrochloride, 1375. 
€,oH, ,OIS —— 1-2-phenoxyethylsulphonium iodide, 770. 
on Oy Sulphanilamido-2-benzylthiazole, 1597. 
" hae diphosphate, acridine salt, 651. 
a 4-Ureidophenyltrimethylammonium iodide, 185. 
€,.H,,0,N,8 - Sulphanilyl- a-2- ubetvetaiaddien 821. 
C,H, ;ON 4-2’-Hydroxyethylimino-5:5-cyclopentamethylene-2-thiohydantoin, 686. 
G.oHs0 Cl, NN’-Diisopropylethylenediamine-N N’-dicarboxychloride, 315. 
“NCI 9-Chloronony] carbamate, 179. 
oO NBe 2-(2- Bromopropionamido) ropaldehyde diethylacetal, 372. 
€,oH.,0,N.S 3:3’-Dinitro-3: '3’-dimethyldibutyl sulphone, 1517. 
C,,.H,,0 Tris-(2-methylsulphonylethyl)nitromethane, 1516. 
C,,H,;0.N. Trimethyl-6-hydroxyhexylammonium chloride urethane, 180. 


€,,H,;0 Tris-(2- methylsulphonylethyl)methylamine, 1516. 
C,.H,,' 3:3’-Diamino-3:3’-dimethyldibutyl sulphone, hydrochloride, 1517. 
©, He: Pentaethylchlorodisiloxane, 1592. 
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10 V 
C,.H,0,.N p-Chlorophenyl 2-amino-4-methyl-5-t. “pas sulphone, 117. 
C,oH,.0, Methyl 3-nitro-3-p-bromophenylpropyl sulphone, 1517. 


CioH,;,0,N,CIS 2-(4’-Methylsulphonylphenyl)dihydroglyoxalinium chloride, 502. 
C,oH,,ONBr8, 2-(2-Bromopropionamido)propaldehyde diethylmercaptal, 372. 


C,, Group. 
C,,H,, 1-(0-, m-, and p-Tolyl)buta-1:3-dienes, 1094. 


udgz 


C,,H,O, 5-Methoxy-1:4-naphthaquinone, 354. 
C,,H,,0 5-Phenylpent-2-en-4- _ -l-ol, 1585. 
C,,H,,0, 5-Methoxy-1:4-dihy oxynaphthalene, 354. 
C,,H,,0 p-Anisylbutadiene, 1096. 
C,,H,.0, -3-Methoxybenzoylpropionic acid, 1194. 
w2N, 5- and 7-Dimethylaminoquinolines, and their salts, 441, 443. 
C..H 40 o-Methylstyrylmethylcarbinol, 1094. 
m-Methylstyrylmethylcarbinol, 1094, 
p-Methylstyrylmethylearbinol, 1094. 
o-Tolylpropenylcarbinol, 1094. 
m-Tolylpropenylcarbinol, 1094. 
ee 1094. 
C,,H, p-Anisylpropenylcarbinol, 1096. 
 ihedhely-s0s Miastnginenterhenonn 538. 
qiitbaccaesanthnante, 1096. 
C,,H,,0, Clavatol methyl ether, 612. 
B-o-Methoxymethylphenylpropionic acid, 1640. 
C,,H,,0, cycloHexyl aconate, 1178. 
Cuba, 1-Phenyl-2:7-diazacycloheptene, and its salts, 500. 
C,,H,,.N y-Phenylallyldimethylamine, and its salts, 168. 
C,,H,.0 (+) + d-1:1-Dimethyl-2-phenylpropan- 1-ol, 437. 
Conn B-3:4-Dimethoxyphenylisopropyl alcohol, 127. 
iN. NN-Diethylbenzamidine, salts, 1113. 
WN N’-Diethylbenzamidine, and its picrate, 385. 
N-Methyl-N’-propylbenzamidines, salts, 385. 
C,,H,,0, Ethyl 2:4:4-trimethylcyclopentanone-2-carboxylate, 1029. 
C,,H,,0, 3:4-Acetone a-methyl-p-galacturonoside methyl ester, 1340. 
C,,H,.N, NN-Dimethyl-N’-ethylbenzamidine, salts, 385. 
s 6-Methyl 3:4-acetone f-methylgalactoside, 1677. 
C,,H oN, _1:5-Bis-(2’-dihydroglyoxalinyl)pentane, and its toluene-p-sulphonate, 500. 
C,,H,,N 1-Diethylaminohept-2-yne, and its picrate, 1578. 
C,,H,,N, 2-Amino-4-8-diethylaminoethylamino-5-methylpyrimidine, and its dipicrate, 45. 
4-Amino-2-y-dimethylaminopropylamino-5:6-dimethylpyrimidine, tartrate, 49. 
C,,H,.N, 10-Aminodecyl cyanide, 1371. 
1 6 
2: rat 








. 2:6-Diamino-4-8-diethylaminoethylamino-5-methylpyrimidine, 47. 
iamino-4-y-diethylaminopropylaminopyrimidine, and its dipicrate, 47. 
Gulag cycloHexy] isoamy] sulphide, 40. 
C,,H,,N tsoAmyl-n-hexylamine, oxalate, 200. 





1m 
C,,H,0,N, 8-Nitro-2:4-dihydroxy-1:3-diaza-acridine, 734 
Coens §-(2:4-Dinitrobenzylidene)barbituric acid, 734. 
Cc 6-Bromo-2-cyanonaphthalene, 162. 
C..H;ON 6-Hydroxy-2-cyanonaphthalene, 162. 
GueORe 2:4-Dihydroxy-1:3-diaza-acridine, and its acetate, 733. 
Cl, 4:6-DichIoro- 5 odhihistbenhesnne: 2- methylpyrimidine, 1247. 

oo ON, 2-Amino-4-hydroxy-1:3-diaza-acridine, and its hydrochloride, 733. 

4-Amino-2-keto-3:12-diaza-2:12-dihydroacridine, and its hydrochloride, 733. 
C.,H.ON, 2:4-Dinitro-5-methoxy- i caghthel, 352. 

2:8-Dinitro-5-methoxy-1l-naphthol, 352. 

6:8-Dinitro-5-methoxy-1-naphthol, 353. 
C,,H,N,Cl, 4:6-Dichloro-5-phenyl-2-methylpyrimidine, 1361. 
C,,H.0.N 5-Methoxy-1: +-nepht erg “tro 354. 


C,,H,0.N, 7- Dinitro-2-acetonaphthalide, 1060. 
2:4-Dinitro-5-methoxy-1-naphthylamine, 355. 
C,,H,.N 2:4-Dichloro-3-ethylquinoline, 909. 
C,,H,N,Cl, Dichloromethylanilinopyrimidine, 1247. 
GuthOsN 8-Hydroxyquinoline N-methylurethane, salts, 190. 
C,,H,,0,N, 4-Amino-2-(p-nitropheny])-6-methy]l- 3-pyridazone, 553. 
C,,H,,0N £-p-Toluoylpropionitrile, 1193. 
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C,,H,,ON, 4-Amino-2-phenyl-6-methyl]-3-pyridazone, and its hydrochloride, 552. 

C,:H,,0,N £-3- and te ee a OL ma 1193, 1194. 

C,,H,,0,N, 2-N-Methylanilino-4:6-dihydroxypyrimidine, 1247. 
2-(p-Nitropheny])-6-methyl-3-pyridazinone, 552. 

C.:H,,0,N Acetyl-6-nitro-l1-hydrindenol, 95. 

C,:H,,0,N, f-Acetylacrylic acid p-nitrophenylhydrazone, 553. 

C,,H,,0,N, 3-Keto-n-butyl cyanide 2:4-dinitrophenylhydrazone, 1507. 

C,,H,,N 2-Ethylthio-4-phenylthiazole, and its hydrobromide, 1658. 
2-Phenyl-4-cyanomethyl-1:3-dithiolan, 594. 

C,:H,,N,Cl1 2-Amino-4-p-chloroanilino-6-methylpyrimidine, 1357. 
4-Amino-2-p-chloroanilino-6-methylpyrimidine, 1357. 
4-Amino-6-p-chloroanilino-2-methylpyrimidine, 1358. 
4-Chloro-2-amino-6-p-toluidinopyrimidine, and its hydrochloride, 1362. 

C,,H,,ON, 3-Benzamidopropyl cyanide, 1370. 

C,,H,,0,N, 3-Nitro-1-phenyl-2-methylpropyl cyanide, 1505. 

C,,H,,0,N, 2-(5-Nitro-2-acetamidophenyl)propylene, 810. 

C,,H,,0,N, 2-Nitro-5-acetamido-4-methylacetophenone, 230. 
3-Nitro-5-acetamido-4-methylacetophenone, 229. 

C,,H,,N,8, 5-Benzyl-5-methyl-2:4-dithiohydantoin, 683. 
2-p-Toluenesulphenamido-4-methylthiazole, 116. 
ar 2-amino-4-methyl-5-thiazyl sulphide, 116. 

C,,H,,0,N 3-Acetamido-4-methylacetophenone, 229. 
7-Methoxy-1-tetralone oxime, 196. 

Methyl £-benzoylpropimino-ether, hydrochloride, 1195. 

C,,H,,0,N £-4-Methoxybenzoylpropionamide, 1195. 

C,,H,,0,N; o-hutiiarn-elineidensostnantie, hydrochloride, 617. 

C,,H,,0,N, §-Carbamylisobutaldehyde 2:4-dinitrophenylhydrazone, 1503. 

C,,H,,;N.I 4-Methylcinnoline ethiodide, 811. 

C,:H,,08 £-Benzylthio-n-butaldehyde, 1611. 

11,4 Benzamidoacetiminoether, hydrochloride, 1374. 
2-(3’:4’- Dimethoxypheny])dihydroglyoxaline, and its picrate, 500. 
N ~{2-Nitroethyl)-1:2:3:4 tetrahydroquinoline, hydrochloride, 1488. 
2-isoPropylideneamino-4-methoxybenzamide, 894. 

Guth is a-Amino-y-benzylthio-n-butyronitrile, hydrochloride, 1611. 

C,:H,,ON 6-Methoxy-2-methyltetrahydroisoquinoline, picrate, 193. 

C,:H,,0,N 0-Acetamidophenyldimethylcarbinol, 810. 

O’-Butyl benzhydroxamate, 968. 
B-Dimethylamino-3- and -4-hydroxypropiophenones, hydrochlorides, 1192. 
B-3-Methoxyphenylbutyramide, 196 

C,,H,,0,N, p-Methoxyphenylpropaldehyde semicarbazone, 1572. 

C,,H,,0,N O-Acetylhomovanillylamine, hydrochloride, 616. 
a-Amino-y-(p-methoxypheny])butyric acid, 1572. 

C,,H,,0,N 5-Nitromethyldihydroeugenol, 126. 

C,:H,,0,N, 9-d-Mannopyranosidoadenine, and its picrate, 357. 

C,,H,,ON, 3-Acetamido-5-dimethylaminotoluene, 187. 
Acetyl-5-dimethylamino-m-cresol, 188. 

C,,H,.0,N, 4-Dimethylaminobenzyl alcohol N-methylurethane, methiodide, 190. 
4-Dimethylamino-o-cresol N -austayiiedilinde, and its methiodide, 189. 
5-Dimethylamino-m-cresol N-methylurethane, and its methiodide, 189. 
2-Dimethylamino-p-cresol N-methylurethane, and its methiodide, 189. 
Ethyl-2-nitropropylanilines, hydrochlorides, 1489. 
2-Nitro-4-dimethylamino-1-isopropylbenzene, methiodide, 187. 

C,,H,.0,N, Ethyl 2-methyliminazole-4-carboxylate-l-acetate, 102. 

C,,H,,0,8 4:5-Dimethoxy-2-n-propylbenzenesulphonic acid, salts, 126. 
O-Meth Idihydroeugenol-5-sulphonic acid, and its salts, 126. 

C,,H,.0,N, 1-d-Glucosidoglyoxaline-4:5-dicarboxyamide, and its hydrate, 380. 

C,,H,.NCl Te = tli pases ney 311. 

C,,H,,ON 1-Amino-7-metho: ralin, hydrochloride, 196. 
4-Diethylamino-o-cresol, and its methiodide, 188. 
3-Dimethylamino-4-isopropylphenol, and its methiodide, 188. 
5-Dimethylamino-2-isopropylphenol, and its methiodide, 188. 
Dimethyl-a-(bydroxypheny!)-n-propylamines, and their salts, 194. 
Dimethyl-a-(4-hydroxy-m-tolyljethylamine, hydrochloride, 194. 
Dimethyl-8-(3-methoxyphenyl)ethylamine, salts, 193. 
Ethyl-3-hydroxypropylaniline, 311. 

Oe and -4-Methoxypheny])-a-methyl-n-propylamines, salts, 196. 
ethyl-2-ethoxyethylaniline, 311. 

C,:H,,0,.N 5-Aminomethyldihydroeugenol, and its hydrochloride, 126. 
1-Dimethylamino-6-acetoxyhept-4-en-2-yne, and its methoperchlorate, 1579. 

C,,H,,0,N, p-Toluenesulphonmethylisopropylamide, 311. 

C,,H,,0,N Ethyl a-(a-ethoxyethylideneamino)-f-acetoxyacetate, 101. 

uH, y-Benzylthio-n-butylamine, and its hydrochloride, 1611. 

C,,H,,ON, 4-Dimethylamino-2-hydroxybenzyldimethylamine, dihydrochloride, 188. 

C,,H,.N 2:6-Dichloro-4-y-diethylaminopropylaminopyrimidine, and its salts, 730. 

C,,H,,ON 1-Diethylaminohept-4-en-2-yn-6-ol, and its picrate, 1579. 

C,,H,,0,N Ethyl a-ethoxyethylideneaminomalonate, 100. 
Eth 1 gE Tae Ye ae On 100. 

C,,H Cl 2-Chloro-4-B-diet 


ylaminoethylamino-6-methylpyrimidine, and its dipicrate, 787. 


4-Chloro-6-8-diethylaminoethylamino-2-methylpyrimidine, and its dipicrate, 1356. 


epee ener 86 yore 48. 
7 > 
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CrsH ON, le a ag er met -hydroxy-6-methylpyrimidine, and its salts, 786. 
4-B-Diethylaminoethylamino-6-hydroxy-2-methylpyrimidine, hydrochloride, 1356. 
WOM, 2y Ditlyleinoreen 4-hydroxy-5:6-dimethylpyrimidine, 48. 
C,,H. 0. 2-y-Diethylaminopropylamino-4:6-dihydroxypyrimidine, and its salts, 730. 
4- TE Acineinernasieadte t :6-dihydroxypyrimidine, and its salts, 731. 
C,,H,.0.Cl, 10-Chlorodecyl chloroformate, 178. 
C,,H,,0,8 6-Methyl 3:4-acetone B- methylgalactoside 2-sulphate, barium salt, 1678. 
C,,H,.NBr 10-Bromodecyl cyanide, 1370 
C,,H..N,Cl 4-Chloro-2-amino-6-- diethylaminoethylamino- 5-methylpyrimidine, 47. 
C,,H..N Br 5-Bromo-2-amino-4-8-diethylaminoethylamino-6-methylpyrimidine, 46. 
C,,H,,0,N Ethyl 4-propylpiperidine-2-carboxylate, 224. 
C,,H,,0,N, 5:7-Dinitro-3-hydroxymethyl-5:7-diethyl-1-oxa-3- azacyclooctane, and its hydrochloride, 926. 
5-Nitro-5-ethyl-3-(2-nitro-2-hydroxymethylbutyl)tetrahydro-1:3-oxazine, 926. 
C,,H,,IS Dihydromyrcene sulphide — 1528, 1531. 
C,,H,.0,8 cycloHexyl isoamyl sulphone, 40. 
Ci; 2:2:6:6-Tetramethyltetrahydrothiopyran methiodide, 1108. 
GublaOR, Triethyl- Sctheieeinestighue, 315. 
C,,H,,0,;P Diethyl n-heptylphosphonate, 1466. 


11 IV 


C,,H,0,N,Cl 4-Chloro-2-(p-nitrophenyl)-6-methyl-3-pyridazone, 553. 
C,,H,0.NS Oe Le Wiad me pI 1657. 
4-Phenyl-2-methylthiazole-5-carboxylic acid, 1657. 


C,,H,0,.N,Cl 5-p-Chlorobenzeneazo-4:6-dihydroxy-2-methylpyrimidine, 947. 
C,,H,,ON,S 5-Acetamido-4-phenylthiazole, 1598. 

C,,H,,ON.S8, 5-Acetamido-2-mercapto-4-phenylthiazole, 1603. 

C,,H,,ON,Cl 2-Chloro-7-acetamido-4-methyl-1:8-naphthyridine, 1409. 
C,,H,,0.N.8 5-Amino-4-carboxy-2-benzylthiazole, 1596. 

C,,;H,,0,N,8 4-p-Aminophenylsulphonylpyridine N-oxide, 54 

et eH 3-p-Nitrobenzenesulphonamido-6-methylpyridazine, 243. 


C,,H;, 4-Chloro-2-amino-6-p-anisidinopyrimidine, and its hydrochloride, 1362. 
oon O.NS N-Acetyl derivative of 2-methyldihydro-1:3-benzthiazine-4-one, 764 
2N;8 N-(p-Aminobenzenesulphonimido) pyridine, 65. 
.N,8, 2-p-Nitrobenzenesulphenamido-4:5-dimethylthiazole, 114. 
NS 6-Methoxyquinaldine-4-sulphonic acid, 1553. 
C,,H H,,ONCI 2-(4-Chloro-2-acetamidopheny]) propylene, 810. 
C,,H,,0,N.8, p-Tolyl 2-amino-4-methyl-5-thiazyl sulphone, 117. 
Gu e0. 8 3-Sulphanilamido-6-methylpyridazine, and its dihydrochloride, 243. 
C,,H;,0,N,8 f-Acetylthiopropaldehyde dinitrophenylhydrazone, 1610. 
uHwN.CH 6 6-Chloro-4-methylcinnoline ethiodide, 811. 
C,H; ONS: 4-Methyl-2-sulphanilamidomethylthiazole, 1373. 
oe 14 4-Bromo-8-dimethylaminopropiophenone, hydrochloride, 1193. 
oe ee 5-Chloro-2-acetamidophenyldimethylcarbinol, 810. 
CisH, ONS 2-(4’-Methylsulphonylpheny]l)-3:4:5:6- tetrahydropyrimidine, and its toluene-p-sulphonate, 


©,,H,,0,N,8 1-(4’-Sulphopheny])-2:7-diazacycloheptene, 500. 
C,,H,,0,N,8 8-Ethylthiopropaldehyde dinitrophenylhydrazone, 1611. 
C,,H,,0,IS Dimethyl-2-benzoyloxyethylsulphonium iodide, 769. 
C,,H,,0,NS Methyl 2-benzamidopropy. i walabena, 1479. 
C,,H,,0,N,8, a-Acetylsulphanilamidothiopropionamide, 1375. 
Gren s8 B-p-Acetamidobenzenesulphonyl-aa-dimethylguanidine, 821. 
Cull 170,N,8 5-Nitroso-6-amino-4-d-mannosidamino-2-methylthiopyrimidine, 356. 
C,,H,,NIS Dimethyl-2- eer ere Te iodide, 771. 
0, 08,0 4-2’. Hydroxyethylimino-5:5-(3’-methyleyclopentamethylene)-2-thiohydantoin, 686. 
6- ome ee eee and its salts, 731. 


11 V 


C,,H,0,N, p-Chlorophenyl 2-acetamido-5-thiazyl sulphone, 114. 
C,,H,,ONIS Dimethyl-2-benzamidoethylsulphonium iodide, 771. 


C,, Group. 


C,,H, Acenaphthylene, photochemical decomposition of, 109. 
1220 
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C,,H,,N, 2-Amino-5-benzeneazo-4:6-dimethylpyrimidine, 51. 
C,,H,,0, Dodeca-3:9-dien-5:7-diyne-2:11-diol, 1582. 
C,,H,,0, Clavatol acetate, 612. 
cycloHexyl coumalate, 1179. 
Octa-3:5-diyne-1:8-diol diacetate, 1582. 
C,,H,,0, O-Carbethoxyhomovanillin, 1694. 
C,.H,,0, O-Carbethoxyhomovanillic acid, 1694. 
C,.H,,Cl, 5:8-Bischloromethyl-1:2:3:4-tetrahydronaphthalene, 1434. 
C,,H,,.N 2:3-Dimethyl-5-ethylindole, 1633. 
C,,H,,P Phenyldiallylphosphine, 1448. 
C,,H,,As Phenyldiallylarsine, 1450. 
C,2H,.0, y-(2-Hydroxy-3:5-dimethylphenyl)butyric acid, 537. 
C,,H,,.N, 1-Benzyl-2:7-diazacycloheptene, and its picrate, 500. 
NN-Pentamethylenebenzamidine, and its picrate, 392, 394. 
C,,H,,.8 cycloHexyl phenyl sulphide, 40. 
C,,H,,N 2:3-Dimethyl-6-ethylindoline, 1633. 
C,.H,,N, 7-Amidino-9-p-amidinophenylphenanthridine, trinydrochloride, 86. 


CsHyN, V-Methyl be 
N “Methyl-N ‘N’-diethylbenzamidine, salts, 385. 

C,,H,,8 3:3’-Dicyclohexeny] sulphide, 1529. 

C,,H,,0, 1-c exenylpentane-l-carboxylic acid, 773. 
1-cycloHexylpent-1-ene-1-carboxylic acid, 772. 

C,,H..0, 3:4-Acetone 2-methyl a-methyl-p-galacturonoside methyl ester, 1340. 

C,,H,.N, 2-Amino-6-dimethylamino-4-isopropyltoluene, 187. 
2:5-Di-sec.-butylpyrazine, and its chloroplatinate, 375. 

C,,H.8 cycloHexyl cyclohexenyl sulphide, 1529. 

C,.H.,N, 2-Amino-3:6-disec.-butylpyrazine, and its salts, 376. 
N-B-Diethylaminoethylphenylenediamines, 916. 

C,,H,,P Tri-f-methylallylphosphine, 1449. 

C,,H,,As Tri-B-methylallylarsine, 1450. 


5s 2-Amino-5-8-diethylaminoethylamino-4:6-dimethylpyrimidine, and its dipicrate, 51. 
4-Amino-2-8-diethylaminoethylamino-5:6-dimethylpyrimidine, 48. 
5-Amino-2-8-diethylaminoethylamino-4:6-dimethylpyrimidine, and its dipicrate, 51. 


N-cycloHexyl-aa-diethylacetamidine, hydrochloride, 1114. 
2:6-Diamino-4-y-diethylaminopropylamino-5-methylpyrimidine, and its bis-3:5-dinitrobenzoate, 


C,,H,,8 Methylceyclohexyl isoamyl sulphide, 40. 
C,,.H,.N cycloHexyl-n-hexylamine, hydrochloride, 201. 
C,2H,.N; 2:4:4:6-Tetramethyl-2-(2-aminoisobutyl)-2:3:4:5-tetrahydropyrimidine, 1398. 
C,.H,,0 2-Propyl-n-octylcarbinol, 758. 
C.2H..0, Dodecane-2:11-diol, 1582. 
ecane-4:9-diol, 1582. 
C,.H..N Di-n-hexylamine, m-nitrobenzenesulphonate, 199. 
C,.H,,N, 2:4:4:6-Tetramethyl-2-(2-aminoisobutyl)hexahydropyrimidine, 1399. 
C,,H,,N, 2-Amino-1:3-bis(diethylamino)-2-methylpropane, 1513. 


12 


2:4:6-Trinitro-5-acetoxy-1-naphthol, 353. 
2-Chloro-p-phenanthroline, 1660. 
1 Cl, 5:4’-Dichloro-1-phenylbenzotriazole, 938. 
CisHON, 2-Hydroxy-p-phenanthroline, 1660. 
p-Phenanthroline N-oxide, 1661. 
5:5’-Dicyano-af-2:2’-difurylethane, 398. 
§:5’-Dicyanodifurfuryl ether, 397. 


iN, 


2H,0 


2:4:6-Trinitro-1:5-dimethoxynaphthalene, 353. 
2:4:8-Trinitro-1:5-dimethoxynaphthalene, 352. 
C,.H,O,,.N, 1:3:5-Tris-2’:2’:2’-trinitroethylbenzene, 1237. 
C,,.H,N 9:12-Dichloro-2:3-dihydro-8-quinindene, 636. 
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C,,H,,ON, 2-Benzamidopyridine, and its salts, 388. 

C,.H,,ON, 1-Amino-2-benzamidoethylidenemalononitrile, 1375. 
a a a neg 5 Rec nen yy 734. 

C,.H,,ON, 4-Guanidino-2- 

eso 


2:4:8-Trinitro-1-methylamino-5-methoxynaphthalene, 355. 
12Hy Diphenylchloroarsine, action of heat on, 429. 

C,,H,,0N, 8-Anilino-6-hydroxy-2-methylpurine, hydrochloride, 946. 

' €,.H,,0,N, 3-Nitro-3’-aminodiphenylamine, 597. 

Ci2H,0.N 4-Nitro-1:5-dimethoxynaphthalene, 352. 

hthalo-2-acetoxyethylimide, 530. 

C,,H,,N.Cl 9-Chloro-12-amino-2:3-dihydro-8-quinindene, and its hydrochloride, 636. 
12H,,N,Cl, 4-Chloro-6-p-chloroanilino-2:5-dimethylpyrimidine, 1358. 
12H,,CISi Diphenylchlorosilane, 1593. 

C,.H,,ON, 6-Acetamido-8-methylquinoline, 681. 
8-Acetamido-7-methylquinoline, 441. 
5-Amino-2-acetamidonaphthalene, 548. 
8-Amino-2-acetnaphthalide, 548. 

C,,.H 0:N, Ethyl 4-methylcinnoline-7-carboxylate, 810. 
y-Phthalimidothiobutyramide, 1376. 

C,,H,,0,8 3-Hydroxy-2-n-butyrylthionaphthen, 1576. 

C,:H,,0,N, 8-Nitro-4-amino-1:5-dimethoxynaphthalene, 354. 

C,,H,.N.8, Schiff’s base, from 5-amino-2-mercapto-4-phenylthiazole, 1603. 

C,.H,,N,Cl, 4-Chloro-2-amino-6-p-chloroanilino-5-ethylpyrimidine, and its hydrochloride, 1362. 

C,,.H N 1-Dimethylamino-2-hydroxynaphthalene, 188. 

C,,H,,0,N 4-Amino-1:5-dimethoxynaphthalene, 354. 

C,.H,,0,N, y-Phthalimidobutyramidine, hydrochloride, 1377. 

12H,;0.N, 4-Amino-5-(N’-phenylcarbamido)-6-hydroxy-2-methylpyrimidine, 946. 

C,.H,,0,N N-f-Benzoylpropionylacetamide, 1195. 
2:5-Diacetylacetanilide, 1634. 

B-3:4-Dimethoxybenzoyl propionitrile, 1194. 

C,,H,,N,As Phenylbis-2-cyanoethylarsine, and its salts, 621. 

C,.H,,N;Cl, 2-Chloro-4-p-chloroanilino-6-isopropylamino-1:3:5-triazine, 159. 
2H,,ON, Benzamido-tert.-butyl cyanide, 1502. 
B-6-Methoxyquinolyl(4)ethylamine, dihydrochloride, 1687. 

C,.H,,ON, 4-Amino-5-(N’-phenylguanidino)-6-hydroxy-2-methylpyrimidine, and its salts, 946. 

C,,H,,0,N, 4:8-Diamino-1:5-dimethoxynaphthalene, and its hydrochloride, 354. 
3-Nitro-1-phenyl-2:2-dimethylpropyl cyanide, 1505. 
3-Nitro-1-phenyl-2-methyl-n-butyl cyanide, 1504. 

C,:H,,0.N, 5:5’-Diamidino-af-2:2’-difurylethane, dihydrochloride dihydrate, 398. 

1241,,0;N, 5:5’-Diamidinodifurfuryl ether, and its dipicrate, 397. 

C,.H,,0,8 Acetyleugenol sultone, 127. 

C,.H,,N.8, 5-8-Phenylethyl-5-methyl-2:4-dithiohydantoin, 683. 

19H, p-Aminophenylbis-2-cyanoethylarsine, 621. 

C,,H,,BrP p-Bromophenyldiallylphosphine, 1448. 

C,,H,,0,.N Ethyl £-benzoylpropimino-ether, and its hydrochloride, 1194. 

C,,H,,N,Cl 2-Amino-4-p-chloroanilino-6-isopropylamino-1:3:5-triazine, hydrochloride, 159. 

C,.H,.CIS p-Chlorophenyl cyclohexyl sulphide, 1551. 

C,:H,,ON, 2-Amino-3-phenyl-4:4-dimethylpyrroline N-oxide, 1511. 
12H,,08 £-Benzylthiotsovaleraldehyde, 1611. 

C,.H,,0,.N, 8-Benzamido-aa-dimethylpropionamide, 1503. 
6-Hy: sugy-anethegthtedherindicnastadiie N-methylurethane, salts, 195. 

7- and 8-Hydroxy-1-methyltetrahydroquinoline N-methylurethanes, and their salts, 190. 

C,:H,.0,8 cycloHexyl phenyl sulphone, 40. 

1281;,0,N, 2-Picramido-3-methylpentane, 1497. 

Theophylline-7-8-d-ribofuranoside, 1054. 

C,,H,.N.8 a-Amino-y-benzylthio-n-valeronitrile, hydrochloride, 1611. 

C,.H,,ON 2-Acetamido-1:4-diethylbenzene, 1633. 
1-Dimethylamino-7-hydroxytetralin, methiodide, 194. 
a-Dimethylaminomethylpropiophenone, hydrochloride, 1193. 

C,.H,,0,.N Dimethoxy-2-methyltetrahydrozsoquinolines, picrates, 193. 
B-Dimethylamino-3-methoxypropiophenone, hydrochloride, 1192. 

C,,H,,0.N, 3-Methoxybenzylacetone semicarbazone, 196. 
2-Methoxy-3:5-dimethylacetophenone semicarbazone, 538. 

C,,H,,0,N 3-Methylarabonanilide, 1063. 

12H,,0,As Phenyl-5-carboxy-n-pentanearsonic acid, 623. 

C,,H,,ON, 2-Acetamido-4-dimethylamino-1l-ethylbenzene, 187. 
4-Acetamido-6-dimethylamino-m-xylene, 187. 

C,,H,,0,N, 3-Diethylaminophenol N-methylurethane, and its methiodide, 189. 
3-Dimethylamino-4-ethylphenol N-methylurethane, and its methiodide, 189. 
5-Dimethylamino-2-ethylphenol N-methylurethane, and its methiodide, 189. 
6-Dimethylamino-m-4-xylenol N-methylurethane, and its salts, 190. 
2-Hydroxy-5-methylbenzyldimethylamine N-methylurethane, salts, 195. 
B-(3-Hydroxyphenyl)ethylamine free fel 4 salts, 195. 
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C,,H,,0. 2-Methyl p-arabinose phenylhydrazone, 1343. 
2-Met yl L-arabinose phenylhydrazone, 1344, 
Conn TI, Thallous sucrose, 1382. 
2:5-Dichloro-3:6-di-sec.-butylpyrazine, 1182. 
pot 5- ond 6-Dimethylamino-4-isopropyl-o-cresols, and their methiodides, 188. 


yl pyrazine, 1182. 

as > a ee amidinoet ylarsine, and its salts, 622. 

Okl40 2-Hydroxy-3:6-di-sec. Cs a pe and its hydrochloride, 376. 

C,,H..0,N, 2:5-Di-sec.-butylpyrazine di- N-oxide, 1184. 
5:5-4’-Methylisopropylcyclopentamethylene-2:4-dithiohydantoin, 683. 
C,,H,N, 2:6-Dichloro-4-y-diethylaminopropylamino-5-methylpyrimidine, and its picrate, 731. 
o p-Aminophenylbis-2-amidinoethylarsine, and its tripicrate, 622. 
C,.H,,0N Dimethyl-a-(2-methoxypheny]l)-n-propylamine, picrate, 193. 

C,,.H,,O0P Tri-f-methylallylphosphine oxide, 1449. 

C,2H,,N,Cl 4-Chloro-2-8-diethylaminoethylamino-5:6-dimethylpyrimidine, 48. 
4-Chloro-6-8-diethylaminoethylamino-2:5-dimethylpyrimidine, and its dipicrate, 1358. 
2-Chloro-4-y-diethylaminopropylamino-6-methylpyrimidine, 787. 
4-Chloro-6-y-diethylaminopropylamino-2-methylpyrimidine, and its dipicrate, 1357. 

C,,H.,0N, 2-B- Diethylaminoethy lamino-4-hydroxy-5:6-dimethylpyrimidine, 48. 
4-B-Diethylaminoethylamino-6-hydroxy-2:5-dimethylpyrimidine, dipicrate, 1358. 

EA A ee a 6 on Se methylpyrimidine, hydrochloride, 1356. 
4-y-Diethylaminopropylamino-2-methylthio-6-methylpyrimidine, and its dihydrochloride, 787. 

C,,H,,08 Dihydromyrcene thiolacetate, 138. 

C,,H,.0,N, 4-y-Diethylamino ropylamino-2: 6-dihydroxy-5-methylpyrimidine, and its picrolonate, 731. 

C,.H,,.0,.8 Dihydromyrcene thioglycollic acid, 39. 
19HaaNCl, as N’N ‘-Tetra-(2-chloroethyl)piperazine, salts, 529. 


oa 
eaten, 730. 
NN *.Diethyl-N N ate. chloroethyl)piperazine, salts, 517. 
Carbethoxyacet-(N-y-diethylaminopropyl)amidine, and its picrolonate, 730. 
12H,,0,N Nonoxyurethane, 967. 
C,.H,.0,N, NNN’N’-Tetra-(2-hydroxyethyl)piperazine, salts, 529. 
N Dodecoxyamine, hydrobromide, 967. 
2-Nitro-1:3-bis(diethylamino)-2-methylpropane, 1512. 
Diethyl oastaigheaghanste, 1467. 
5 Tri-n-butylchlorotin, 1450. 
C,.H.,0,N, 1:10-Decamethylenedioxydiguanidine, dinitrate, 968. 


12 IV 


p-Tolyl 2-acetamido-5-thiazyl sulphide, 113. 
C,,H,O,N.Cl, 2:2’:6:6’-Tetrachloro-4:4’-dinitrodiphenyl, 735. 
CONS 3:3’-Dichloro-4:4’-dinitrodiphenyl, 129. 
4-p-Cyanophenylsulphonylpyridine, 54. 
C0 ic, 1:4-Dichloro-2-acetamidonaphthalene, 543. 
5-Dichloro-2-acetamidonaphthalene, 543. 
c,,H,IBrAs Phenyl-p-bromophenylchloroarsine, 511. 
C..H ONC] 5-Chloro-2-acetnaphthalide, 548. 
8-Chloro- 2-acetnaphthalide, 549. 
9. Chloro-12-hydroxy-2:3-dihydro-8-quinindene, 1037. 
9-Chloro-12-keto-2:3:5-12-tetrahydro-8-quinindene, 636. 
Cae .O Diphenyltetrachlorodisiloxane, 1592. 
C,,.H,,0 _4-Chloro-2-acetamido-5-phenoxypyrimidine, 46. 
00,ClAs Phenyl-p-chlorophenylarsinic acid, 509. 
5-Bromo-0 N-diacetylindoxyl, 609. 
C..H,,0,N,8 2-Benzamidomethylthiazole-4-carboxylic acid, 1374. 
C,.H,,0,N.8 4:6-Dihydroxy-3-p-nitrophenylthio-2 “methylpyridine, 54. 
4:6-Dihydroxy-3-p-nitrophenylsulphonyl-2-methylpyridine, 54 
C,.H,,0N Pe Ree gee hae Rg Ta thalene, 544. 
CR On * +o rere, “ 
110,N, 4-Chloro-6-p-nitroanilino-2:5-dimethylpyrimidine, 1359. 
a Ethyl 2-hydroxy-4-phenylthiazole-5-carboxylate, 1658. 
12H,,0,N,8 4-Nitro-5-acetamido-2-benzylthiazole, 1597. 
sN,S, 2-Acetamido-4-(p-nitrophenylsulphonylmethyl)thiazole, 117. 
“p-Nitrophenyl 2-acetamido-4-methyl-5 en sulphone, 117. 
Cif ON.S & Acetamido-2-benzylthiazole, and its salts, 1596. 





12 IV—13 Formula Index. 


CoH ONS Di-(2- ro ie ormenn A eniie, 1659. 

CHR sN.8, p-Tolyl 2-acetamido-5-thiazyl sulphone, 114. 

p- “Chlorophenylbis-2- cyanoethylarsine, 621. 

C,,H,,0 OWLS 4-Amino-5-(N’-phenylthiocarbamido)-6-hydroxy-2- py neo 945. 

C,,H,,;0N,Cl 4-Amino-5-(N’-p-chlorophenylguanidino)-6-hydroxy-2-methylpyrimidine, and its salts, 947. 
3-Nitro-1-p-bromophenyl-2:2-dimethylpropyl cyanide, 1505. 
4:4’-Diacetamidobenzenesulphonanilide, 66. 

2-Sulphanilamido-4-methylthiazole-5-acetic acid, and its hydrochlorides, 591. 
140,.N,8, Bis-(2-acetamido-4-thiazolylmethyl) disulphide, 325. 

C, 12H,,0,ClAs p-Chlorophenylbis-2-carboxyethylarsine, 623. 

Cut ONS B-Acetyl- n-butaldehyde dinitrophenylhydrazone, 1610. 

382 4-Methyl-2-(1’-sulphanilamidoethyl)thiazole, 1376. 

Ou hoch 1-2-(2’-sulphanilamidoethyl)thiazole, 1376. 

G2Hi0 0,018 p-Chlorophenylcyclohexy] sulphone, 1551. 

C,,H,,0,N.8 1-(4’-Methylsulphonylpheny]l)-2:7-diazacycloheptene, and its salts, 500 

12H,,0,N,8 9-d-Mannopyranosido-2-methylthiohypoxanthine, 357. 

12H,,0.NS a-Amino-y-benzylthio-n-valeric acid, 1612. 

C.,H,,0,NS 2-Nitro-4-p-tolylsulphonyl-2- methylbutane, 1516. 

170;N,S 9-d-Mannopyranosido-2-methylthioadenine, 357. 

C,H, ONAs Phenyldimethyl-3-cyanopropylarsonium hydroxide, salts, 623. 

C,.H,,0.N.8 NN-Diethyl-p-methylsulphonylbenzamidine, salts, 1116. 

C,,H,,0,N,8 8-p-Acetamidobenzenesulphonyl-a-2-methoxyethylguanidine, 821. 

p-Chlorophenylbis-2-amidinoethylarsine, and its salts, 622. 
C,:H,,ON,Cl 2-Chloro-5-hydroxy-3:6-disec.-butylpyrazine, 1183. 

oa nae Dihydromyrcene trichlorothioacetate, 141. 

C,,H,,0,N,Cl Trimethyl-2- hydroxyethylammonium chloride N-phenylurethane, 180. 
C,.H,,0.N 58, 6-Amino-5-thioformamido-4-d-mannosidamino-2-methylthiopyrimidine, 356. 
C,,H,,0,.N;S 6-Amino-5-formamido-4-d-mannosidamino-2-methylthiopyrimidine, 357. 

12H,,0C1,8 Dihydromyrcene dichlorothiolacetate, 141. 

C,;H,,NIS Benzyldimethyl-(2- methylthioethyl)ammonium iodide, 771. 

C,,H,,0CIS Dih ydromyrcene chlorothiolacetate, 140. 

GiHaal Ch8, NN’-Dimethyldi-2- chloroethylpiperazinium dithiocyanate, 322. 

C,,H,,0.N,Cl Trimethyl-8- Epdvenpoctheammtaiben, chloride urethane, 181. 


12V 


C,,H,,ON,CIS, p-Chlorophenyl 2-acetamido-4-methyl-5-thiazyl sulphide, 116. 
CoH ON CIS Chloro-p-aminophenylsulphony]-2-methylpyridine, 54. 
1:0,N,CIS, p-Chloropheny! 2-acetamido-4-methyl-5-thiazyl sulphone, 117. 


C,, Group. 


1:6-Diaminoacridine, 596. 
C,;H,,0, a coumalate, 1179. 
C,,H,,N 4-Met ylcarbazole, and its picrate, 1560. 
13H,,N, 1:8-Diaminoacridine, 597. 
agg ew ee 597, 1419. 
CH oN, 4-p- Aminostyrylpyridine, 560. 
2-a-Naphthyldihydroglyoxaline, and its picrate, 500. 
2-B-Naphthyldihydrog ivouiien, and its salts, 500. 
13H,;N, N-2-Pyridyl-N’-methylbenzamidine, and its picrate, 388. 
C9840 Phenyl 1-hexynyl ketone, 1630. 
C,;H,,0, £-(2-Methoxy-3:5-dimethylbenzoyl)acrylic acid, 538. 
uN, 5-Aminotetrahydroacridine, and its hydrochloride, 636. 
C,;H,,.N, 5:7-Diamino-1:2:3:4-tetrahydroacridine, 636. 
5:9-Diamino-1:2:3:4-tetrahydroacridine, 637. 
C,,;H,,0, 1-Keto-5-methoxy-6:8-dimethyl]-1:2:3:4-tetrahydronaphthalene, 537. 
Gull, «0, 1-Keto-5-methoxy-6:8-dimethyl-1:2:3:4-tetrahydronaphthalene-2-a-propionic acid, 536. 
C.H,,P p-Tolyldiallylphosphine, 1448. 
13H,;,0 5-Methoxy-6:8-dimethyl-1:2:3:4-tetrahydronaphthalene, 537. 
y-(2-Methoxy-3: 5 dinsthghinastibeipaie acid, 537. 
3-Amyloxyphenoxyacetic acid, 104. 
1:2:3:5-Tetra-acetyl d-ribofuranose, 1054. 
N-Methyl-N N’-pentamethylenebenzamidine, salts, 385. 
Methyleyclohexyl phenyl sulphides, 40 
Ethyl 2-ketocyclohexylmalonate, 1163. 
C,;H..N, N-Methyl-N’-n-amylbenzamidine, and its picrate, 385, 389. 
NNN’-Triethylbenzamidine, salts, 385. 
C,;H.,N 2-Amino-3-phenylheptane, and its hydrochloride, 1499. 
Benzyl-n- ro hydrobromide, 200. 
C,,;H.,N, N-2-Diethylaminoethylbenzamidine, and its salts, 505. 
C,.H,.N Ethylisopropyl-n-hexylacetonitrile, 741. 
Cio nN s 4-Amino-2-y-diethylaminopropylamino-5:6-dimethylpyrimidine, and its bis-3:5- dinitrobenzoate, 


5- > -diethylaminopropylamino-2:6-dimethylpyrimidine, 50. 
C,,;H.,N, 2:2’- ae eg e * amine, and its trihydrochloride, 1513. 
a-Ethyl-a-isopropyl-a-n-hexylacetamidine, 741. 


2-Amino-1:3-bis(diethylamino)-2-ethylpropane, and its tripicrate, 1513. 
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13 
C,,H,O,N Hydroxy-l-azanthraquinones, 544. 
C..H.O.N,  1:6-Dinitroacridone, 596. 
1:9-Dinitroacridone, 597, 1418. 

C,;H,NCl, 2:4-Dichloro-7:8-benzoquinoline, 906. 

1 3:3’-Dichlorobenzophenone, 953. 
C,,H,NC] 6’-Chloro-5:6-benzoquinoline, 544. 

2-Cyano-6-acetoxynaphthalene, 162. 
1-Nitro-8-aminoacridone, 596. 


Fluoro-5-aminoacridines, and their hydrochlorides, 761. 
3:7-Dichloro-2:8-diaminoacridine, 249. 
1-Methyl-p-phenanthrol-2-one, 1660. 

C,;H,,OBr, 2:2’-Dibromo-4-methyldipheny] ether, 7. 

C,;3H,,0.N, 4-Cyanodiphenylamine-2-carboxylic acid, 640. 

C,,;H,,0,N, 2:4-Dinitro-1-acetoxy-5-methoxynaphthalene, 352. 
6:8-Dinitro-1-acetoxy-5-methoxynaphthalene, 352. 

CisHieO Ne 2:4:5:7-Tetranitro-1:8-naphthylenediamine, 81. 

C,,H,.NCl 1-Chloro-4-methylcarbazole, and its picrate, 1560. 

C,,H,,.N.Cl, N-Phenyl-2:4-dichlorobenzamidine, and its salts, 1115. 

C,3H;, N, 1:6-Diaminoacridone, 596. 
1:8-Diaminoacridone, 596. 
1:9-Diaminoacridone, 597, 1419. 

p-Amino-w- lideneacetophenone, 1420. 
N-o-Nitrophenylbenzamidine, picrate, 1115. 
C,;H,,0,N 8-6-Methoxyquinolyl(4)acrylic acid, 1686. 
C,,H,,0,N 8-Nitro-l-acetoxy-5-methoxynaphthalene, 352. 
oN; Acetyl-2:4-dinitro-5-methoxy-l-naphthylamine, 355. 

p-Phenanthroline methiodide, 1660. 

Cc B-6-Methoxyquinolyl(4)propionitrile, 1686. 

C,;H,,0,N, 4-Acetamido-2-(p-nitrophenyl)-6-methyl-3-pyridazone, 553. 

C,;H,,0,N, 2:4-Dinitrophenylhydrazone of ketone from ozonolysis of lactone C,H,,.03, 807. 

C,;H,,N;Cl 4-Chloro-2-amino-6-p-cyanoanilino-5-ethylpyrimidine, 1362. 

C,,;H,.ClAs Phenyl-p-tolylchloroarsine, 509. 

C,,;H,,0,.N 12-Hydroxy-9-methoxy-2:3-dihydro-8-quinindene, 1037. 
12-Keto-9-methoxy-2:3:5:12-tetrahydro-8-quinindene, 636. 

C,;H,,0,N, 4-Acetamido-2-phenyl-6-methyl-3-pyridazone, 552. 

C,,H,,0,N 6 destun-1- ancien eenaiiemmattiaines, 354. 
B-6-Methoxyquinolyl(4)propionic acid, 1686. 

C,;H,,0,N, Sulphanil-O-acetylvanillylamide, sulphate, 616. 

C,,H,,N.Cl 5-Chloro-7-amino-1:2:3:4-tetrahydroacridine, 636. 
5-Chloro-8-amino-1:2:3:4-tetrahydroacridine, 636. 
5-Chloro-9-amino-1:2:3:4-tetrahydroacridine, 637. 
2-a-Naphthyldihydroglyoxalinium chloride, 502. 

4-Chloro-6-p-chloroanilino-2-methy]-5-ethylpyrimidine, 1360. 
12-Amino-9-methoxy-2:3-dihydro-8-quinindene, and its hydrochloride, 636. 
6-Amino-1:2:3:4-tetrahydroacridone, 637. 
C,;H,,0.N, 8-6-Methoxyquinolyl(4)propionamide, 1686. 


13416 2 


C,,H,,ON 
C,,H,.0,N, 
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C,;H,,0,N Valeroidine, 1330. 

C,.H,,ON, 2-Acetamido-4-diethylaminotoluene, 187. 
2-Acetamido-4-dimethylamino-1-isopropylbenzene, 187. 

C,;H.,0,N, 4-Diethylamino-o-cresol N-methylurethane, and its methiodide, 189. 
3-Dimethylamino-4-isopropylphenol N-methylurethane, and its methiodide, 189. 
5-Dimethylamino-2-isopropylphenol N-methylurethane, and its methiodide, 189. 
Dimethyl-a-(hydroxypheny]l)-n-propylamine N-methylurethanes, salts, 195. 
Dimethyl-8-(3-hydroxyphenyl)-n-propylamine N-methylurethane, salts, 195. 
Dimethyl-y-(4-hydroxyphenyl)-n-propylamine N-methylurethane, salts, 195. 
Dimethyl-a-(4-hydroxy-m-tolyl)ethylamine N-methylurethane, salts, 195. 

C,3H..0;N, 2:5-Dimethy]l l-arabonic acid phenylhydrazide, 1064. 

C,H, Dimethyl-y-(4-methoxypheny])-a-methyl-n-propylamine, salts, 193. 
1-Diethylamino-6-acetoxyhept-4-en-2-yne, 1579. 
4-Amino-N-methyl-N -2’-diethylaminoethylphenol, salts, 188. 
1-Diethylamino-4-acetoxyhept-2-yne, and its oxalate, 1579. 

N,S 4-y-Diethylaminopropylamino-2-methylthio-6-methylpyrimidine, and its dipicrate, 787. 

C,.H,,IP Methyltri- fp ae ie org iodide, 1449. 

ylallylarsonium iodide, 1450. 

1 Dicyclohexyl] sulphide methiodide, 1537. 

C,;H,,0ON, Dodecoxyguanidine, nitrate, 967. 
N-Methyl-N’N’-diethyl-N -6-methylamino-n-hexylurea, 315. 

C,;H,,0,N, 2-Nitro-1:3-bis(diethylamino)-2-ethylpropane, 1513. 


mae Methyltri-8-met 


13 IV 


C,;H,0,N.Cl Chloronitro-l-azanthraquinones, 544. 
C,;H;0,N. 6-Bromonitro-1l-azanthraquinones, 544. 
C,;H,O,NC] Chloro-l-azanthraquinones, 542, 543. 
C,,H,O,NS 1-Azanthraquinonesulphonic acids, salts, 542. 
C,;H,NCIF Chlorofluoroacridines, 761. 
C,,H,O,N.S N-p-Nitrophenylbenzisothiazolone, 1234. 
C,,H,O,N.S N-p-Nitrophenylsaccharin, 1234. 
C,,H,ON 2’-Chloro-2’-formylethylidene-1-chloro-2-naphthylamine, 543. 
C,,H,ONS 2-Amino-2’-carboxydiphenyl sulphide lactam, 1234. 
3-Hydroxy-2-2’-pyridylthionaphthen, 1577. 
C,;H,O,.NS 4-Amino-1l-hydroxythioxanthone, 1234. 
4’-Hydroxy-2-methylnaphtha-1’:2’:4:5-thiazole-3’-aldehyde anil, 978. 
C,;H,O,NS 2-Amino-2’-carboxydiphenyl sulphone lactam, 1234. 
C,,H,O,NS, N-Benzenesulphonylbenzisothiazolone, reactions of, with aromatic amines, 1229. 
C,;H,,.0,NF Fluorodiphenylamine-2-carboxylic acids, 761. 
C,;H,,.0,NBr Bromonitro-4-methyldipheny] ethers, 6. 
C,;H,,0,N,Cl 5-Chloro-9-nitro-1:2:3:4-tetrahydroacridine, 637. 
Pyruvic acid 1-chloro-2-naphthylhydrazone, 543. 
C,;H,,0,NS, 4-Amino-2’-carboxydipheny] sulphide-3-sulphonic acid, 1233. 
C,;H,,ONC] 12-Chloro-9-methoxy-2:3-dihydro-f-quinindene, 636. 
C,;H,,ONCl, aaa-Trichloro-8-hydroxy-y-6-methoxyquinolyl(4)propane, 1686. 
PP: Bromoamino-4-methyldipheny] ethers, 7. 
C,,;H,,0.N.8, 5-NN-Diacetylamino-2-mercapto-4-phenylthiazole, 1604. 
C,;H,,0,N,8 2-Benzamidomethyl-4-thiazolylacetic acid, 1374. 
Methyl1-2-benzamidomethylthiazole-5-carboxylic acid, 1373. 
C,;H,,0,N.8 4-p-Acetamidophenylsulphonylpyridine N-oxide, 54. 
1341;;0,.N,8 N-2-Pyridyl-p-methylsulphonylbenzamidine, and its picrate, 1115. 
C,;H,,;0,N,8 N-(p-Acetamidobenzenesulphonimido)pyridine, 65. 
C,;H,,ON.S 4-Methyl-2-(1’-benzamidoethyl)thiazole, 1375. 
4-Methyl-2-(2’-benzamidoethyl)thiazole, 1376. 
C,;H,,ON.S8, p-Tolyl 2-acetamido-4-methyl-5-thiazyl sulphide, 116. 
C,;H,,ON,Cl 4-p-Chloroanilino-6-hydroxy-2-methyl-5-ethylpyrimidine, 1360. 
4-Chloro-6-p-anisidino-2:5-dimethylpyrimidine, 1359. 
4-Chloro-2-dimethylamino-6-benzyloxypyrimidine, 732. 
G7 Oe 5-Amino-4-carbethoxy-2-benzylthiazole, and its hydrochloride, 1596. 
1 


Ithio-8-methyl-n-butaldehyde dinitrophenylhydrazone, 1611. 
yl-2-(3’-sulphanilamidopropy])thiazole, 1377. 
C,;H,,0 5-Benzamidothiohexoamide, 1377. 
13H,,0,N.8 NN-Pentamethylene-p-methylsulphonylbenzamidine, and its salts, 1116. 
13Ey9 a-Amino-y-benzylthio-y-methyl-n-valeric acid, 1612. 
C,;H..0,N,8 8-p-Acetamidobenzenesulphonyl-aa-diethylguanidine, 821. 
C,;H,,0,N.8 2-Methyl p-arabinose p-toluenesulphonylhydrazone, 1343. 
3H,,0N,As p-Carbamidophenylbis-2-amidinoethylarsine, dipicrate, 622. 
C,;H,,0,N,I Trimethyl-2-hydroxyethylammonium iodide N-benzylurethane, 180. 
C,;H,,0. 5-Dimethylamino-4-isopropyl-o-cresol methiodide, 186. 
C,,;H,,0,N,8 §-Sulphanilyl-a-2-diethylaminoethylguanidine, 821. 
C,;H,,0,N,Cl Trimethyl-9-hydroxynonylammonium chloride urethane, 181. 
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C,,H,ONCIS 5-Chloro-2-amin6-2’-carboxydiphenyl sulphide lactam, 1234. 
C,;H,,0,NCIS 5-Chloro-2-amino-2’-carboxydiphenyl sulphide, 1234. 
C,;H,,0,NBrS isoButyl 3-nitro-3-p-bromophenylpropyl sulphone, 1517. 


C,, Group. 


C,,H,N, 2-p-Amidinostyrylpyridine, dihydrochloride, 89. 
C,,H,N, 5-Amino-2-cyanoacridine, 638. 
5-Amino-3-cyanoacridine, 
Cee —— anhydride, reaction of, with aromatic compounds catalysed by boron trifluoride, 1237. 
C,,H,.N, 2-p-Cyanostyrylpyridine, 88. 
‘Naphthal halene-1:5-diacetonitrile, 
C.4H WN, 5- Amino-2-amidinoacridine, "639. 
o-3-amidinoacridine, 640. 
C,H. 3-Methyl-2-stilbazole, 1698. 
C,,H,,;N; 2:7-Diamino-9-methylphenanthridine, 72. 
CHiN, 2-(1’-Naphthylmethyl)dihydroglyoxaline, and its salts, 500. 
henyl-N’-methylbenzamidine, salts, 389. 
pp-Bisaminomethyldipheny]l, and its dihydrochloride, 1453. 
12-Amino-9-dimethylamino-2:3-dihydro-B-quinindene, and its trihydrochloride, 636. 
7-Amino-2-piperidino-4-methyl-1:8-naphthyridine, 1409. 
Cc, ‘HP p- rh i Idiallylphosphine, 1448. 
Phen Idi-B-met ytphorphi e, 1449. 
p-Xy. vidiallylphosphine, 1448 4 
C,,H,,As Phenyldi-8-methylarsine, 1450. 
N-cycloHexylphenylacetamidine, and its salts, 1115. 
2-Amino-4-8-diethylaminoethylaminoquinazoline, 898. 
0, 2:5-Dimethallyl 1:4-3:6-dianhydromannitol, 1407. 
imethallyl dianhydrosorbitol, 1407. 
C,,H,.N, 2- pie Re oy eli rman armas 187. 
C,,H,.8 —_ octyl sulphide, 53. 
C,,H.N; t Disth-temincethyl.2: :6:8-trimethylpurine, and its flavianate, 51. 
C,H, .N, .. Amino. £-diethylaminoethylamino-o-xylene, and its trihydrochloride, 912. 
C,,H,,.N, 1:4-Bis-(2’:7’-diazacycloheptenyl)butane, and its toluene-p-sulphonate, 500. 
1:8- S Dietexsleneade 1 and its toluene-p-sulphonate, 500. 
Cc, Di-n-hexylacetonitrile, 741. 
ae 1-n-butyl-n-hexylacetonitrile, 741. 
C,,H,.N, 2-Amino-4-5-diethylamino-a-methylbutylamino-6-methylpyrimidine, and its picrate, 790. 
N-cycloHexyl-1-amidino-n-heptane, salts, 1115. 
Di-n-butyldiallyltin, 1450. 
Cnn cycloHexyl- n-octylamine, hydrochloride, 201. 
2 aa-Di-n-hexylacetamidine, and its picrate, 741. 
“a-Ethyl- a-n-butyl-a-n-hexylacetamidine, 741. 


14 
C,,H,N.Cl 5-Chloro-2-cyanoacridine, 638. 
5-Chloro-3-cyanoacridine, 3 
C,,H,0,1, 3: 5- Di-iodo-3- pdsenrpdishengtnestio acid, om. 
C,,H,0.N, 
CiHeON, 


6:7- pais 
1:3-Di-iodo-2 P enylpyrrocoline, Dedriodiie, 672. 
aphthindole, and its salts, 656. 
4-Chi oro-2-p-chloroanilinoquinazoline, 780. 
3 3’-Cyanodiphenylamine-2-carboxylic acid, 638. 
anodiphenylamine-2-carboxylic acid, 638. 
0,80 3:5- Di- iodo-4-hydroxydip henylacetic acid, 203. 
C,,H,.0.N, o-Carboxybensaldehyde’ 2’:4’- dinitrophenylh drazone, 835. 
1:4-Dih “e 3-(2’:4’-dinitropheny]l)-3:4-dihydrophthalazine, 835. 
C,,H,,0 o-Carboxybenzo-2’:4’-dinitrophenylhydrazide, 837. 
C,,H, * 3.Bromo-9- methylphenanthridine, 85. 
C,,H,,ON -1- and -2-Naphthoylpropionitriles, 1194. 
GreH 0.01 4-Chlorobenzilic acid, 953. 
Cl 4-Chloro-2-(quinolylamino)-6-methylpyrimidines, 1616, 1617. 
oH ON, 5-Amino-2-amidoximinoacridine, 639. 
2- - uinolylamino)-4-hydroxy-6-methylpyrimidines, 1616, 1617. 
i H..01, a-Phenyl-8-(3:5-di- jodo-4-hydroxyphenyl)ethane, 204. 
C,,H,,0,N, 2:7-Diketo-1:8-dimethyl-1:2:7:8-tetrahydro-p-phenanthroline, 1661. 
one methylstilbazoles, 1698. 
C,,H,.0,N, ey om 2:4-dinitrophenylhydrazone, 612. 
C, 2-p-Chlorophenylisoarsindoline, and its salts, 666. 
5- ¢ oro-2-phenylisoarsindoline, and its salts, 668. 
C,,H,,NS 3-Ethyl-2-methylene-6:7- benzbenzthiazoline, 956. 
on os 2-Keto-1-methyl-1:2-dihydro-p-phenanthroline methiodide, 1661. 
38, Azamethin{2- (4. methylthiazolel[2-(3-phenyl.- 4-methyl-2:3-dihydrothiazole)], 1658. 
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C,,H,,ON, 12-Acetamido-2:3-dihydro-8-quinindene, 635. 

C,,H,,0,N, N-Phenyl-p-methoxybenzamidine, and its hydrochloride, 396. 

C,,H,,0,N, Nitro-3-methyl-2-stilbazolealkines, 1698. 

C,,H,,0;,N, N-p-Methoxyphenyl-N’-m-nitrophenylguanidine, 916. 

C,,H,,0,N, Nitro-1:6-diacetyl-2:3-dimethylindole, 1634. 

C,,H,,0,N, 8-Nitro-4-acetamido-1:5-dimethoxynaphthalene, 354. 

C,,H,,ON, 4:6-Dimethyl-2-benzamidomethylpyrimidine, 1374. 

©14H, ON 4-(3’:5’- Diacetylpenta-2’:4’-dienylidene)-1:4-dihydropyridine, 1629. 

12-Hydroxy-9-ethoxy-2:3-dihydro-B-quinindene, 1037. 
6-Methoxy-2-naphthimino-ether, hydrochloride, 162. 
6-, 8-, and 9-Methoxy-1:2:3:4-tetrahydroacridones, 1037. 

C,,H,.0.N 4-Acetamido-1:5-dimethoxynaphthalene, 354. 
Methyl £-6-methoxyquinolyl(4)propionate, 1686. 
1-Phthalimido-3-methylpentan-2-one, 375. 

Gi OsNs Ethyl 1-amino-2-benzamidoethylidenecyanoacetate, 1375. 

C,,H,,0,N,; Hepta-3:5-dien-2-one 2:4-dinitrophenylsemicarbazone, 1390. 
1-Methylcyclohexen-3-one 2:4-dinitrophenylsemicarbazone, 1390. 

C,,H,,N,Cl 4’-Chloro-3-amino-4:5-dimethyldiphenylamine, and its salts, 913. 
12-Chloro-9-dimethylamino-2:3-dihydro-8-quinindene, 636. 
2-(1’-Naphthylmethyl)dihydroglyoxalinium chloride, 502. 

C,,H,,.N.S 6-N-Methylanilino-8-methylthio-2-methylpurine, hydrochloride, 947. 

C,,H,,CISi Benzyldichlorosilane, 1593. 

C.4H,.ON, pp’ -Bisaminomethyldipheny] ether, 1454. 

9-Dimethylamino-12-keto-2:3:5:12-tetrahydro-B-quinindene, 636. 
C,,H,,ON, N-p-Methoxyphenyl-N’-m-aminophenylguanidine, hydrochloride, 916. 
14H,0,N, 1-Dimethylamino-2-naphthol N-methylurethane, 190. 
C,,H,,0,N, 3-Nitro-2-hydroxy-1:6-diacetyl-2:3-dimethylindoline, 1634. 
14H,,0,N, 1-cis- and -trans-3-Methylcyclohexy] 3:5-dinitrobenzoates, 206, 207. 

C,,H,,O,.N, 2-Ketocyclohexylacetic acid 2:4-dinitrophenylhydrazone, 1164. 

C,,H,.N.8 4-Methyl-3-ethyl-2-anilothylidene-A‘-thiazolme, 959. 

C,,H,,0,N 8-Dimethylamino-4-methylcoumarin, and its methiodide, 186. 

C,,H,,0,.N, 4-p-Anisidino-6-hydroxy-2-methyl-5-ethylpyrimidine, 1361. 

C,,H,,0,01 3-Chloro-4:6-benzylidene a-methylglucoside, 15. 

14H,,0,Br 3-Bromo 4:6-benzylidene a-methylglucoside, 17. 

C,,H,,0,N, 1:4-Dihydroxy-3-(2’:4’-diaminopheny]l)-3:4-dihydrophthalazine dihydrate, 834. 
Dimethylcyclohexanone 2:4-dinitrophenylhydrazones, 1647. 

CuHisOeN, Methyl 2-nitro-1:2-dimethylpropyl ketoxime p-nitrophenylurethane, 1491. 

C,,H,,0,8 4:6-Benzylidene a-methylglucoside sulphate, barium salt, 1677. 

14H,,.N.8, 5-Amino-2-mercapto-4-8-benzylthioisobutylthiazole, 1612. 
gN,Cl 2-p-Chloroanilino-6-diethylamino-4-methy]-1:3:5-triazine, 158. 

C,,H,,.BrP p-Bromophenyldi-8-methylallylphosphine, 1449. 

C,,H,,0,N d-trans-3-Methylcyclohexylphenylurethane, 208. 

.N;, 1-Keto-5-methoxy-6:8-dimethyl-1:2:3:4-tetrahydronaphthalene semicarbazone, 537. 
14H,,0,N, 5:6-Dihydroxy-2-methyltetrahydroisoquinoline N-methylurethane, and its salts, 195. 

C,,H,,0,As Phenylbis-3-carboxy-n-propylarsine, and its disilver salt, 623. 

C,,H,,0,As Phenylbis-3-carboxy-n-propylarsine oxide, 623. 

C,,H,,0,N, Heptoxy-3:5-dinitrobenzamide, 967. f 

C,,H,,.N,Cl 2-Amino-4-p-chloroanilino-6-dimethylaminoethylaminopyrimidine, 1363. 
14HaoON, N-cycloHexylanisamidine, and its salts, 1115. 

a O.N, Bisacetamido-1:4-diethylbenzene, 1633. 
2-Hydroxycyclohexylacetic acid lactone phenylhydrazide, 1164. 
1-Methylamino-7-hydroxytetralin, salts, 195. 
2-Nitro-4-dimethylamino-1-cyclohexylbenzene, and its methiodide, 187. 

C,,H,0.N, rs Propyl n-butyl ketone 2:4-dinitrophenylhydrazone, 752. 

C,,H..0O,.N, 4-Picrylamino-3:3-dimethylhexane, 1497. 

C,,H,,0.N, Ethyl 5-keto-2-methyl-4:5-dihydroiminazole-4-carboxylate-1-malonate, 100. 

C,,H..NAs Phenyldimethyl-5-cyano-n-pentylarsonium hydroxide, picrate, 623. 

ane 5-Dimethylamino-2-cyclohexylphenol, 188. 

OH ON Acetyl-5-dimethylamino-4-isopropyl-o-cresol, 186. 
2:6-Dimethyl galactose anilide, 1625. 

C..H,,0N O-Heptylbenzamidoxime, 968. 

14 :0.N, 5-Dimethylamino-4-isopropyl-o-cresol N-methylurethane, and its methiodide, 190. 
6-Dimeth ylamino-4-isopropyl-o-cresol N-methylurethane, and its methiodide, 190. 
Dimethyl. (3- and 4-hydroxypheny]l)-a-methyl-n-propylamine N-methylurethanes, salts, 196. 

C,,H.,0,8 Phenyl octyl sulphone, 53. 

C,,H,;0,N Di-(2-ethoxyethyl)aniline, 311. 
14H,;0,N, 5-Nitro-3-8-diethylaminoethylamino-o-xylene, and its salts, 912. 

C.,H..N e8 6-y-Diethylaminopropylamino-8-methylthio-2-methylpurine, salts, 947. 

C,,H}.N,Cl 2-Chloro-4-5-diethylamino-a-methylbutylamino-6-methylpyrimidine, 788. 
4-Chloro-6-8-diethylamino-a-methylbutylamino-2-methylpyrimidine, and its dipicrate, 1357. 
4-Chloro-6-y-diethylaminopropylamino-2-methyl-5-ethylpyrimidine, and its dipicrate, 1360. 

C,,H.,ON, 4-5-Diethylamino-a-methylbutylamino-2-hydroxy-6-methylpyrimidine, and its salts, 787. 
4-y-Diethylaminopropylamino-6-hydroxy-2-methyl-5-ethylpyrimidine, dipicrate, 1360. 

C,,H,,.0,8, Dihydromyrcene bisthiolacetate, 139. 

C,,H..0,8, Dihydromyrcene bis(thioglycollic acid), 39. 

0,8, Dihydromyrcene bisglycollyl sulphone, 39. 
4-Methyl-2-(w-aminodecyl)thiazole, 1377. : 
2:2’-Dipiperidinoisopropylurea, 1513. 

NN Di (2-chloroethyl)-N N’-di-n-propylpiperazine, meme, 518. 

C,,H,.N.8, Bis-[2-(N repped phide, 850 
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© 4H.ON.Cl, 6:7-Dichloro-4-phenoxycinnoline, 232. 

7:8-Dichloro-4-phenoxycinnoline, 232. 

bernie 2-Nitrothionaphthindole, 657. 

C,,H,O,N,Cl 4’-Chloro-2’-nitro-3-phenylphthalaz-l-one, and its picrate, 835. 
C,,H,NCIS 12-Chlorothionaphthindole, and its picrate, 657. 
C,.H,0,NS 2-Keto-1-benzoyl-1:2-dihydrobenzisothiazole S-oxide, 764. 
C,,H,,ON,Cl 2-p-Chloroanilino-4-hydroxyquinazoline, and its hydrochloride, 778. 
C,,H,,.0,N,8 Thioindoxy] 2:4-dinitrophenylhydrazone, 658. 

. 2-Amino-2’-carboxy-5-methyldipheny] sulphide lactam, 1233. 
2-Methylaminothioxanthone, 1233. 
2-Phenyldihydro-1:3-benzthiazine-4-one, 764. 

N-p-Tolylbenzisothiazolone, 1234. 
C,,H,,0C1,Fe 2-Methyl-f-naphthopyrylium ferrichloride; 348. 
C,.H,,0,.NS 2-Amino-2’-carboxy-5-methoxydiphenyl] sulphide lactam, 1233. 
4-Amino-1- methoxythioxanthone, 1234. 
C,,H,,0,NS 2-Amino-2’-carboxy-5-methyldiphenylsulphone, 1233. 
C,,H,,0,NS 2-Amino-2’-carboxy-5-methoxydiphenylsulphone, 1233. 
14H,,0,N 5-Bromo-o-tolualdehyde dinitrophenylhydrazone, 692. 
14H aN 2- and 3-Chloro-5-amino-10-methylacridinium bromides, 762. 
C,,H,.N.BrF 2-Fluoro-5-amino-10-methylacridinium bromide, 762. 


1 
C, ,H,;0. ; . ‘ 
4-Methylamino-2’-carboxydiphenyl sulphide, 1232. 
CE ONS 4’-Chloro-3-nitro-4:5-dimethyldiphenylamine, 913. 
2-Amino-2’-carboxy-5-methoxydiphenyl sulphide, and its perchlorate, 1233. 
“F ocaasthonsenesnighoamelaghumtde, 387. 
C,,H,,0;,NS 4-Methylamino-2’-carboxydipheny]l sulphide-3-sulphonic acid, 1233. 
C,,H,,ONC] 6-Chloro-7-acetyltetrahydrocarbazole, 939. 
OH ontel 4:4’-Dimethylthioazoxy benzene, 852. 
Cl Phenyl-a-chloro-4-hydroxy-3-methoxybenzylamine, 617. 
C,,H,,0.N.8 N-Phenyl-p-amidinophenyl methyl sulphone, 394. 
Guts0 Di-o-anisylstibinous chloride, 1569. 
C,,H,,0:N.8 4-p-Acetamidomethylphenylsulphonylpyridine, 54. 
3 thyl 2-benzamidomethylthiazole-4-carboxylate, 1374. 
C,,H,,0,N,Br 2-Nitro-1-(p-bromo-a-cyanobenzyl)cyclohexane, 1505. 
Gieea0 MSs 2-N*-Acetylsulphanilamido-4-methylthiazole-5-acetic acid, 591. 
C,H, ,0,N. Ethyl 2-p-nitrobenzenesulphonamido-4- methylthiazole-5-acetate, and its hydrochloride, 592. 
C,,H,,ON,Cl 4-Chloro-6-p-anisidino-2-methyl-5-ethylpyrimidine, 1361. 
p-Acetamidophenylbis-2-cyanoethylarsine, 621. 
C.,H.,0 4- pane os -7-carbethoxycinnoline ethiodide, 811. 
C,,.H,,0 S, 4-Methyl-2- (1’-acetyisulphanilamidoethyl)thiazole, 1376. 
4-Methyl-2-(2’-acetylsulphanilamidoethy])thiazole, 1376. 
gs Ethyl 2-sulphanilamido-4-methylthiazole-5-acetate, and its hydrochloride, 592. 
C,,H,,0: em, 657. 
oor 2-p-Chloroanilino-4-isopropylamino-6-ethoxy-1:3:5-triazine, 160. 
GH, OBr = -Bromophenyldi(By-dibromo-f- ee. =— 1449. 
> henyldi-(By-dibromo-8-methylpropyl)phosphine oxide, 1 
0:0 4-Carbomethoxy-2-pheny]-6:6-dimethylthiazan, 1613. 
OH ONS 5-(p-Acetamidobenzenesulphonamido)amyl cyanide, 1370. 
HL ,Cl,As Phenylbis-3-carboxy-n-propylarsine dichloride, 623. 
Cc wN,.S 3- Ketodibutyl sulphone 2:4-dinitrophenylhydrazone, 1516. 
C,,H.,0,N.8, m-Di(nitro-tert.-butylsulphonyl)benzene, 1479. 
C,,H,,0,.NS -Nitrophenyl octyl sulphide, 53. 
C,H; 10.NS p-Nitrophenyl octyl sulphone, 53. 
C, ON,;As p-Acetamidophenylbis-2-amidinoethylarsine, and its salts, 622. 
C,,H,,0,NS p-Aminopheny] octyl sulphone, 53. F 
GieHnO Nal Trimethyl-2-hydroxyethylammonium iodide N-diethylurethane, 180. 
C,,H,,0,N,8 N-2-Diethylaminoethyl-p- amidinophenyl methyl sulphone, and its salts, 505. 
C,,H,,0,.N.Cl, NN’-Di-(2-chloroethyl)-N N’-di(2-methoxyethyl)piperazine, salts, 529. 
NN’-Dimethyl-N N’-di-2-(2- are ey hr ere ts, 518, 532. 
C,,H.,0,NS, 3-Nitro-1:5-di-(n-butylsulphonyl)-3-methylpentane, 1516. 
C,,H,,0,N. Trimethyl-10-hydroxydecylammonium chloride urethane, 181. 
C,.H,,0,N. 3-Amino-1:5-di-(n-butylsulphonyl)-3-methylpentane, 1516. 
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CON, 4:7-Dichlorothioindoxy] 2:4-dinitrophenylhydrazone, 658. 
Gieie0 i, ee 2:4- re oes 658. 
ot His Benzenesulphonyl-5-bromo-o-toluoy 


a 691. 
Hi sas 2-Chloro-5-nitrobenzenesulphonvanillylamide, 615. 
CHG p-Chloroacetamidophenylbis-2-cyanoethylarsine, 621. 











C,, Group. 


C,,H,, 3:4:6:6-Dibenzcyclohepta-1:3:5-triene, 748. 771 
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C,:H,,0 3:4:5:6-Dibenzcyclohepta-1:3:5-trien-7-one, 749. 
C,;H,.0, 9-Hydroxyanthracene-10-aldehyde, 978. 
1sH,9N, 3-Cyano-9-methylphenanthridine, 85. 
uN; 7-Aminoquindoline, 610. 
11-Aminoquindoline, and its hydrochloride, 610. 
C,;H,,0 3:4:5:6-Dibenzcyclohepta-3:5-dien-2-one, 749. 
C, 1sH,,0, 7-Hydroxyflavylium hydroxide, salts, 349. 
C,.H,,0, Anhydrojavanicin, 1027. 
1sH,.N, 4-Phenyl-3-methylcinnoline, picrate, 1652. 
1sH,,Br, 3:4:5:6-Dibenzcyclohepta-1:3:5-triene dibromide, 748. 
C,;H,,N, 3-Amidino-9-methylphenanthridine, hydrochloride, 86. 

7-Amino-4-phenyl-2-methyl-1:8-naphthyridine, 1410. 

C,.H,,0, cis-1:2-Dihydroxy-3:4:5:6-dibenzcyclohepta-3:5-diene, 749. 
C,,H,,0, Javanicin, 1027. 
C,,H,,0, Oxyjavanicin, 1027. 

Substance, from green-tea infusions, and its acetyl derivative, 34. 
C,,H,,N, 7-Amino-2-anilino-4-methyl-1:8-naphthyridine, 1409. 
C,;H,,N, 2:8-Diamino-1:9-dimethylacridine, 247. 

2:8-Diamino-4:6-dimethylacridine, 248. 

2:7-Diamino-9:10-dimethylphenanthridine, salts, 72. 

C,,H,,As 2-p-Tolylisoarsindoline, and its salts, 666. 
15H1,,0, a Methoxy-1:2:3:4-tetrahydro-1-naphthylidenecrotonic acid, 1364. 
10N, N-Benzyl-N’-methylbenzamidine, and its salts, 389. 

"2. (1’-Naphthylmethy])-3:4:5:6-tetrahydropyrimidine, and its salts, 500. 
C,.H,,0, -Santonin, constitution of, 1157. 

C,;H,,0, d-cis-3-Methylcyclohexyl hydrogen phthalate, 206. 
pp’ -Bisaminomethyldiphenylmethane, 1454. 

C.:H,.N Ethyl-n-butylbenzylacetonitrile, 741. . 

C,;H.,P p-isoPropylphenyldiallylphosphine, 1448. 

p-Tolyldi-B-methylallylphosphine, 1449. 

C,,H,,0, 2-Homovanillylcyclohexanol, 1696. 


3-(2-Phenoxyethyl)hexane-1-carboxylic acid, and its S-benzylthiuronium salt, 224. 


C,,H,.N, 2-Amino-4-8-diethylaminoethylaminoquinoline, and its hydrate, 909. 
1 7 2-Amino-4-anilino-6-8-diethylaminoethylamino-1:3:5-triazine, 159. 
C,,H,,N, «-Benzyl-a-ethyl-a-n-butylacetamidine, 741. 
C,,.H,N, 9-y-Diethylaminopropyl-2:6:8-trimethylpurine, and its dipicrate, 51. 
C,H.,N, N-- Pek paw cme naa ys + +g leanne 916. 
C,.H.S isoAmyl dihydromyrcene sulphide, 40. 
a cycloHexyl-n-nonylamine, hydrochloride, 201. 
Tri-n-butylallyltin, 1450. 
C, TN 8-Aminopentadecane, and its m-nitrobenzenesulphonate, 198. 
Butylundecylamine, m-nitrobenzenesulphonate, 199. 
Methyl-a-bonyl-a-cvtytnaaine, oxalate, 200. 


CHO. 7:2-Dinitroquindoline, 611. 
C,;H,O.N, 7-Nitroquindoline, 610. 
11-Nitroquindoline, 611. 
C, 5H, 0. 6:8-Di-iodo-3-phenyl-3:4- dihydrocoumarin, 204. 
CipHio0 2-(2’:4’-Dinitrophenylamino)-3-methyleneisoindolinone, 837. 
2’:4’- Dinitro- 3-phenyl-1-methylphthalaz-4-one, 836. 
C,,H,.N,Cl, 2-Chloro-4-p-chloroanilinoquinoline, 905. 
C,,;H,.N.Cl, 2-Chloro-4:6-di-p-chloroanilino-1:3:5-triazine, 159. 
C; ; 5-Amino-2-cyano-7-methoxyacridine, 639. 
6-Amino- 3- ee -methoxyacridine, 640. 
C,.H,,0,I, «-Phenyl-f-3:4:5-tri-iodophenylpropionic acid, 204. 
C,,H,,0,N, Nitrophenyl-3-methylcinnoline N-oxides, 1651. 
AP : OF 4’-Nitro-2’-methoxy-3-phenylphthalaz-l-one, and its picrate, 464. 
4’-Nitro-2’-methoxy-3-phenylphthalaz-4-one, 465. 
C,.H,,0,N, 1:4-Diketo-3-(4’-nitro-2’-methoxyphenyl)tetrahydrophthalazine, 464. 


C,;H,,0,Cl 7:8-Dihydroxyflavylium perchlorate, 349. 
C,,H,,NCl, 3:9-Dichloro-2:4-dimethyl-1-azanthracene, 547. 


1 
12-Methylthionaphthindole, and its picrate, 657. 
C,;H,,N,Cl 7-Chloro-4-phenyl-2-methyl-1:8-naphthyridine, 1410. 
CisH:08, 2-Acetamido-5-cyanodipheny]l, 85. 
4-p-Hydroxyphenyl-3-methylcinnoline, 1651. 
7-Hydroxy-4-phenyl-2-methyl-1:8-naphthyridine, 1410. 
4-Phenyl-3-methylcinnoline N-oxide, 1651. 
C1 H0.N ay-Bis-(5-cyano-2-pyridyloxy)propane, 88. 
eBr, 3:5:3’:5’-Tetrabromo-ay-diphenoxypropane, 83. 
Cn OL a-Pheny]-8-3:5-di-iodophenylpropionic acid, 204. 
C,;H,,0,N, 4-Cyano-4’-methoxydiphenylamine-2-carboxylic acid, 640. 
4-Nitro-4’-aminochalkone, 1419. 
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Formula Index. 15 01 


C,:H,,0,N, 0-Carboxyacetophenone 2’:4’-dinitrophenylhydrazone, 836. 
1:4-Dihydroxy-3-(2’:4’-dinitropheny])-4-methyl-3:4-dihydrophthalazine, 836. 
4’-Nitro-3-phenyl-4-methylphthalaz-1-one nitrate, 836. 

C,;H,,NCl Chloro-2:4-dimethyl-l-azanthracenes, 547, 548, 549. 
3-Chloro-2:4-dimethyl-5:6-benzoquinoline, 547. 

C,,H,,N.Cl, 2-Amino-4:6-di-p-chloroanilino-1:3:5-triazine, hydrochloride, 159. 

C,.H,,0ON 5’-Hydroxy-2:4-dimethyl-5:6-benzoquinoline, 548. 
3-p-Hydroxyphenyl-2-methylindole, 1652. 

C,;H,,0N, 7-Amino-2-phenoxy-4-methyl-1:8-naphthyridine, 1409. 
4-Anilino-6-methoxycinnoline, 920. 

C,,H,,0,N 2-Carbethoxy-4:5-benzindole, 543. 
3-4’-Hydroxy-3’-methoxyphenylindole, 1695. 
3-Methylpiperolidine-2-picoline, and its methiodide, 1699. 

C,,H,,0,N, 4’-Amino-2’-methoxy-3-phenylphthalaz-l-one, 466. 
4’-Amino-2’-methoxy-3-phenylphthalaz-4-one, 466. 
2-p-Anisidino-4-hydroxyquinazoline, 780. 

C,H, 
. 8 
CH NC 7-Amino-2-p-chloroanilino-4-methyl-1:8-naphthyridine, and its hydrochloride, 1409. 


1sH,,0,N, 5-Amino-2-amidoximino-7-methoxyacridine, 639. 
2-(Methoxyquinolylamino)-4-hydroxy-6-methylpyrimidines, 1617. 

C,.H,,0,N, 2-Nitro-4’-carbethoxyaminodiphenyl, 72. 

1sH,,0,N, 4:4’-Dinitro-ay-diphenoxypropane, 391. 
C,,H,,NAs Diphenyl-2-cyanoethylarsine, 621. 
C,,H,,ON 4’-Methoxy-2-methyl-2-stilbazole, and its methiodide, 1698. 
C,.H,,0As 2-p-Anisylisoarsindoline, and its salts, 667. 
C,,H,,0,N 4-(7’-Hydroxy-2’-naphthylimino)pentan-2-one, 548. 
C,,H,,0,.N, 2:8-Diamino-3:7-dimethoxyacridine, 248. 


C,.H,,0,.N, 6-Acetamidotetrahydroacridone, 637. 
5 Raskes 4 cosbothenpeninetiaheast. 72. 
C,,H,,0,N, 3-Nitro-4’-methoxy-4:5-dimethyldiphenylamine, 914. 
1 4N, 4-Nitro-4’-amino-ay-diphenoxypropane, 394. 
C, ON, 2-Ketocyclohexylmalonic acid 2:4-dinitrophenylhydrazone, 1164. 
C,.H,,ON 7-Acetyl-6-methyltetrahydrocarbazole, 939. 
1-Naphthyl B-dimethylaminoethyl ketone, hydrochloride, 1192. 
C,:H,,0O,.N Methoxy-1-methy]-1:2:3:4-tetrahydroacridones, 1038. 
Methoxy-3-methyl-1:2:3:4-tetrahydroacridones, 1037. 
C,.H,,0,As Phenyl-2-benzyloxyethylarsonic acid, and its salts, 624. 
C,.H,,N,Cl 2-(1’-Naphthylmethy])-3:4:5:6-tetrahydropyrimidinium chloride, 502. 
C, .H,.N. Diphenyl-2-amidinoethylarsine, and its salts, 622. 
C,.H,,0. 3-Amino-4’-methoxy-4:5-dimethyldiphenylamine, and its picrate, 914. 
C:.H,,0,N, 4:4’-Diamino-ay-diphenoxypropane, 394 
C,.H,,0,N, Oct-2-en-4-ol 3:5-dinitrobenzoate, 758. 
sH,,0,P Lm we ganna p 1448. 


‘H, 
H, 


C,,H,,0,Br 3-Bromo 4:6-benzylidene 2-methyl a-methylglucoside, 17. - 

C,sH..N,Cl 2-Chloro-4-8-diethylaminoethylaminoquinoline, and its hydrate, 904. 

CisHoN Cl, 2-Chloro-4-p-chloroanilino-6-8-diethylaminoethylamino-1:3:5-triazine, and its hydrochloride, 
59. 

C,,H,,ON N-Benzoyl-4-propylpiperidine, 223. 

C,,H,,0N, 4-8-Diethylaminoethylamino-2-hydroxyquinoline, 904. 

C,,H,,0P p-Methoxyphenyldi-8-methylallylphosphine, 1449. 

C,.H,,0,N 2-Methyl acetone t-arabinose anilide, 1344. 

C,.H,,0,Br Dihydro--santonin bromo-lactone, 1166. 

Cig NC 2-Amino-4-p-chloroanilino-6-dimethylaminopropylaminopyrimidine, 1363. 


C,;H,,ON, Benzoyl derivative of a-ethy oe a 741. 
CBN Cl 2-Amino-4-p-chloroanilino-6-8-diethylaminoethylamino-1:3:5-triazine, 159. 
1 


Phenylmeth a eee iodide, 1449. 
C,.H,,IAs Phenylmet pater ylallylarsonium iodide, 1450. 
C,,H,,0,N 00’-Dibutyl benzhydroximate, 968. 

Ethyl cyclohexenylbutyleyanoacetate, 773. 
C, .H,,0 Ethyl £-(3:4-diethylcarbonatophenyl)serine, picrate, 660. 
C,,H,,ON, 4-Phenylureido-3:3-dimethylhexane, 1497. 
C:.H,,0.N 1-Diethylamino-1’-acetoxy-3-cyclohexylprop-2-yne, and its picrate, 1579. 
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C,;H,,ON, 5-Acetamido-4-y-diethylaminopropylamino-2:6-dimethylpyrimidine, and its flavianate, 50. 

Cc on Ethyl 2-8-diethylaminoethylcyclohexanone-2-carboxylate, 400. 
4-Chloro-6-5-diethylamino-a-methylbutylamino-2:5-dimethylpyrimidine, 1358. 

CH ON, 4-8-Diethylamino-a-methylbutylamino-6-hydroxy-2:5- pce ae mn ne ae 1358. 

C,.H,.N,S 4-8-Diethylamino-a-methylbutylamino-2-methylthio-6-methylpyrimidine, 78 

C,;H;,0.N, NN’-Dimethyltrimethylenediamine-N N’-biscarboxydiethylamide, 315. 


15 IV 


C,,H,O,NCl 4-Chloro-2-phthalimidobenzoic acid, 234. 
C,,H,ONS 6-Formylthionaphthindole, and its picrate, 657. 
C,;H,ON.Cl 5-Chloro-3-cyano-7-methoxyacridine, 640. 
C,,H,O,NS 3-Hydroxy-2-m-nitrobenzoylthionaphthen, 1577. 
C,,H,o0,NCl Chloro-2:4-dimethyl-l-azanthraquinones, 548. 
C,,H,,ONS 2-Phenacylbenzthiazole, 1621. 
C,,H,,0ON,Cl 4-p-Chloroanilino-2-hydroxyquinoline, 904. 
C,,H,,ON,F Fluoro-5-acetamidoacridines, 762. 
C,H ,0,NS 3-Acetoxy-2-2’-pyridylthionaphthen, 1577. 
3-Keto- 2-benzoyl-2:3-dihydrobenzthiazine, 1621. 
¢,:H, ONS, p-Nitrophenyl 2-amino-4-phenyl-5-thiazyl sulphide, 117. 
1sH,,0,NS 2-Keto-1-phenylacetyl-1-2-dihydrobenzisothiazole S-oxide, 764. 
C,.H, ,0,N,8, p-Nitrophenyl 2-amino-4-phenyl-5-thiazyl sulphone, 118. 
C,H, iN r 9-Chloro-6-bromo-2:4-dimethyl-l-azanthracene, 548. 
C,.H,,0,N,S 5-Methylthioindoxy] 2:4-dinitrophenylhydrazone, 658. 
1sH,,0,N,8, 1:3-Bis-p-nitrobenzenesulphonylacetone, 117. 
wN,CIS 2-p-Chloroanilino-4-methylthioquinazoline, 780. 
C,.H.,ONCI, 3-Chloro-4-(1’-chloro-2’-naphthylimino)pentan-2-one, 547. 
C,;H,,ONS 2-Benzyldihydro-1:3-benzthiazine-4-one, 764. 
2-Dimethylaminothioxanthone, 1232. 
2-Ethylaminothioxanthone, 1233. 
C,;H,,0N,Cl 4-Chloro-2-(methoxyquinolylamino)-6-methylpyrimidines, 1617. 
C,;H,,0,NI, a-Phenyl]-f-(3:5-di-iodo-4-aminophenyl)propionic acid, 204. 
C,;H,,0,NS, 2-Dimethylaminothioxanthone-3-sulphonic acid, and its potassium salt, 1233. 
C,;H,,ONC] 3-Chloro-4-(2’-naphthylimino)pentan-2-one, 547. 
4-(1’-Chloro-2’-naphthylimino)pentan-2-one, 547. 
4-(Chloro-2’-naphthylimino)pentan-2-ones, 548, 549. 
C,;H,,0.N.8 4-Methyl-2-(3’-phthalimidopropyl)thiazole, 1377. 
Cth sN.S, Triacetylamino-2-mercapto-4-phenylthiazole, 1604. 
C,;H,,0,N.8 Ethyl 4:6-dihydroxy-3-p-nitrophenylthio-2-methylpyridine-5-carboxylate, 54. 
C,,H,,0,N.8 Ethyl 4:6-dihydroxy-3-p-nitrophenylsulphonyl-2-methylpyridine-5-carboxylate, 54. 
C,;H,,ON,Cl 5-Chloro-7-acetamido-1:2:3:4-tetrahydroacridine, 636. 
5-Chloro-8-acetamido-1:2:3:4-tetrahydroacridine, 637. 
5-Chloro-9-acetamido-1:2:3:4-tetrahydroacridine, 637. 

C,;H,,0,.NS 4-Dimethylamino-2’-carboxydiphenyl! sulphide, 1231. 
4-Ethylamino-2’-carboxydiphenyl sulphide, 1232. 

C,;H,,0,N.Cl Ethyl pyruvate 1-chloro-2-naphthylhydrazone, 543. 

C,;H,,0,NS, 4-Dimethylamino-2’-carboxydiphenyl] sulphide-3-sulphonic acid, 1233. 

C, .H,,0,N,8 Ethyl 2-benzamidomethyl-4-thiazolylacetate, 1374. 

Ethyl 4-methyl-2-benzamidomethylthiazole-5-carboxylate, 1373. 

C,,H,,0,N.8, 1:3-Disulphanilylacetone, 117. 
C,,H,,0O,NS, 3-(2’-Benzenesulphonylcarbamy!lphenyl-1’-thio)pentane-2:4-dione, 1576. 
C,;H,,0,N,P Uridine-2’-phenyl phosphate, brucine salt, 340. 
OH ONS 4:6-Dimethyl]-2-acetylsulphanilamidopyrimidine, 1375. 

ONS Sulphanilhomovanillylamide, and its hydrochloride, 616. 

30;N.S. p-Methylsulphonylbenzamidinum toluene-p-sulphonate, 1114. 

sis ,0,N,8. 4-Methyl-2-(3’-acetylsulphanilamidopropyl)thiazole, 1377. 

ats Ke > Chloro-4-8-diethylaminoethylamino-7-methoxyquinazoline, 899. 

C,,H,,0N,Cl 2-p-Chloroanilino-4-8-diethylaminoethylamino-6-hydroxy-1:3:5-triazine, dihydrochloride, 159. 
‘BrP p-Bromophenylmethyldi-8-methylallylphosphonium iodide, 1449. 
C, 1:H.,0,N,8 n-Butyl 3-ketoamyl sulphone 2:4-dinitrophenylhydrazone, 1516. 
C,;H,,N.IS, Bis-2-(3-ethyl-A*-thiazoline)pentamethincyanine iodide, 1443. 
C,.H,,0,N.8 3-Phenylureidodibutyl sulphone, 1516. 
Gre cOsNal Triethyl-2-hydroxyethylammonium iodide N-phenylurethane, 181. 
C,;H.,0,N,;8 8-p-Acetamidobenzenesulphony]l-a-2- a 822. 
.O,NBr 9-Keto-5-carbethoxy-2-ethylmorphan ethobromide, 400 
C,.H,,0,NS, 3-Nitro-1:5-di-(n-butylsulphony]l)-3-ethylpentane, 1516. 


15 V 


C, H,,0,N,CIS Chloromethylthioindoxyl 2:4-dinitrophenylhydrazones, 658. 
C,.H,,ONCIBr 4-(1’-Chloro-6’-bromo-2’-naphthylimino)pentan-2-one, 548. 


C,, Group. 


C,.<H,» Pyrene, crystal structure of, 358. 
C,.H.. Copene, constitution of, 1338. 


16 
C,.H,N, 11-Cyanoquindoline, 610. 
2’:5-Dihydroxy-1-phenylnaphthalene, 226. 
isoKempferide, 124. 
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Formula Index. 16 0—16 


oO vete 4:9:10-tetrahydronaphtha-5:8-quinone, 1096. 
7-Methoxyflavylium hydroxide, salts, 349. 
C,.H..0, B-Hydroxy -af-diphenylbutyric ‘acid, 1698. 
cam 2:2’ Dieatheuybanatile acid, 953. 
2-Amino-8-methylamino-3: 7-dimethylacridine, 249. 

eas 1-Keto-5-methoxy-6:8-dimethyl-1:2:3: Se eer ag ela cian lactone, 539. 

eth yl y-6-methoxy-1:2:3:4-tetrahydro- 1-naphthylidenecrotonate, 1365 

OuBiy ls ’-Bisaminomethylstilbene, 1454. 

ethylamino-3-methyl-2-stilbazole, and its methiodide, 1699. 

ae Ethyl 1-keto-5- +o 8- eens ~ ny th oe cee og mmm 538. 

CyeHa0, «-(2-Methoxy-3:5-dimethylbenzoyl)butane-By-dicarboxylic acid, 538. 

Conon a-(B-2-Methoxy-3:5-dimethylphenylethyl)-a’-methylsuccinic acid, 538. 

Ee ey te laminoquinoline, 904. 

ee fie thylphen aoe methylallylphosphine, 1449. 

lyldi-8-methylallylphosphine, 1449. 
“3° 2-Amino-4-y-diethylaminopropylaminoquinoline, 909. 
Phenyl dihydromyrcene sulphide, 40. 
Ethyl-n-butyl- n-octylacetonitrile, 741. 
a. n-butyl-sec.-octylacetonitrile, 741. 
oa cycloHexyl-n-nonylamine, hydrobromide, 201. 

CEN, 2-Amino-4:6-bis-(8-dieth laminoethylamino)pyrimidine, 47. 

CroHa Ns a-Ethyl-a-n-buty. -octylamidine, 741. 
a-Ethyl-a-n-butylacet-N -sec. cotiiie e, — 741. 
a-Ethyl-a-n-butyl-a-n-octylacetamidine, 741 
ee Shasta -octylacetamidine, hydrochloride, 741. 

Orci 2-Amino-3-methylpentadecane, 1499. 

n-octylamine, m-nitrobenzenesulphonate, 199. 
2-Octylamino-octane, salts, 199. 


ON; 


 amtinaggtein 832. 
se one-3-acetic acid, 
7i)-3: 4 Any agg citamamae acid, 833. 


C..H 


Cue HOM, Boh away 3- 
C,.H,;0,N, 2-(4’-Nitrop 
C..H,.NS 2:10 Dimethoithimephtheedole 657. 
C,H. 2-Benzylthio-4-phenylthiazole, 1658. 
Ciel O.N, 4-p-Anisyl-3-methylcinnoline N-oxide, 1651. 
OM, 1 a ydrony 3 (2 p mrvesd wes drophthalazine-4-acetic acid lactam, 834 
‘ ydroxy-3-(2’:4’- ihydrop e- tic m, . 
Colle | 2:2’. Dibromo-5:6’ bene, and its dibromide, 1452. 


1- it + hee my (2’:4’- 
C,H, W.Br 5- -neeneg pot ob devo 692. 
C,.H,,N.8, 5-Amino-2- yar: gomee phenylthiazole, 
2:4-Dithio-5-phenyl-1(or 3)-benzylhydantoin, 1607. 
On On — Anisyl-2-methylindole, and its 
Lon Cot yanyuaineS. methoxy 


-one, 
and its dibromide, 1451. 


1-N oop heuyletheiphthalamie’ ia, and its silver salt, 510. 
COM o-Carboxyacetophenone p-nitro- o-mathonyphenythyacscone, 467. 





16 I1I—16 IV Formula Index. 


C,,.H,,.0.N, 4’-Amino-2’-methoxy-N -phenyl-3-methylphthalimidine, 468. 
12-Diacetamido-2:3-dihydro-B-quinidene, 635. 
3-Nitro-1-(1-naphthyl)-2:2-dimethylpropyl cyanide, 1505. 

O,N, 0O-Acetylvanill-N*-phenylamidine, 616. 
oe, eae > wa ee gan 1117. 
3’:5’- ylidene uridine, 340. 
eH,,0,.N, 2-Picrylamino-3-phenylbutane, 1499. 
3-(p-Xylidino-4:5-coumaran, hydrochloride, 1047. 
16H,,0,As Diphen ey ar Bh arsine, 623. 

C,.H,,0,N Triacetyl-2:3-dimethylindole, 1633. 

C,.H,,0,N, 4:8-Diacetamido-1:5-dimethoxynaphthalene, 354. 
3-Dimethylaminophenol N-benzylurethane, methiodide, 189. 

C,.H,,0,N, Ethylenedi-O-benzamidoxime, dihydrochloride, 968. 

C,;His Methylcyclohexy] pheny] sulphones, 40. 

C,H, 2-p-Tolyl-2-methylisoarsindolinium iodide, and its picrate, 666. 

C,eH,,ON 1:3:3-Trimethyl-2-pent-(2’-en-4’-onylidene)dihydroindole, 1630. 

Cc, Methoxy-3-ethy]-1:2:3:4-tetrahydroacridones, 1038. 
7-Methoxy-1-ethy]-1:2:3:4-tetrahydroacridone, 1038. 

C,.H,,ON, 4:4’-Bis(dimethylamino)azoxybenzene, and its salts, 559. 

C. -2:2’-Difurylethane-5:5’-di-iminoether, and its dihydrochloride, 398. 

i 1 ether 5:5’-di-iminoether, dihydrochloride, 397. 
2-Ketocyclohexyl-a-isobutyric acid 2:4-dinitrophenylhydrazone, 1166. 
1-Triacetyl-1-arabinosidoglyoxaline-4:5-dicarboxyamide, 380. 

Ethyl 2-p-phenetidinocyclopent-l-ene carboxylate, 1037. 
N.Cl, 2:7-Dichloro-4-y-diethylaminopropylaminoquinoline, dipicrate, 906. 
ON, Pes semen eam Fw cyanide, 223. 

C,,H,,0,8 2-p-Toluenesulphony] 3:4-acetone 8-methyl-p-arabinoside, 1343. 
2-p-Toluenesulphony] 3:4-acetone 8-methyl-L-arabinoside, 1343. 
5-p-Toluenesulphonyl 3-methyl 1:2-acetone l-arabofuranose, 1063. 
2-p-Tosyl 3:4-isopropylidene B-methyl-l-arabopyranoside, 971. 

OHeKCl 2-Chloro-4-y-diethylaminopropylaminoquinoline, and its dipicrate, 904. 

C,.H,,0N, 4-y-Diethylamino 2 Pa ee Se son 903. 

C,.H.,ON, 2-Amino-4-8-diethylaminoethylamino-5-phenoxypyrimidine, 46. 

C,,.H.,0,N, 2-Succinimido-3:6-di-sec.-butylpyrazine, 377. 

C,.H,N, 2-Amino-4-p-chloroanilino-6-£-diethylaminoethylaminopyrimidine, 1362. 
2-p-Chloroanilino-6-8-diethylaminoethylamino-4-methy]-1:3:5-triazine, 158. 

Cc, ON, 2-Dimethylamino-3-cyclohexylphenol N-metbylurethane, and its methiodide, 189. 

C,,H,,IP p-Tolylmethyldi-£-methylallylphosphonium iodide, 1449. 

C,.H,,0,N, 2-Succinamido-3:6-di-sec.-butylpyrazine, 377. 


O.N, NN’-Dimethyltrimethylenediamine-N-carboxydiethylamide-N’-carboxypiperide, 315. 


1 
C1-Hs.0,N. 1:10-Decamethylenedioxydiurethane, 967. 
C,.H;,0,T1, Dipropylthallium tartrate, 1384. 
C,.H,,0N Formamidopentadecane, 198. 
C,.H,,0,N 2-Nitro-3-methylpentadecane, 1499. 
C,.H,,0,N, NN-Pentamethylene-N’-2-ethoxyethyl-N’-(2-ethoxyethylamicoethy])urea, 315. 
CicH,,0,Ti, Trisdiethylthallium tartrate, 1384. 
C; . NN’-Diethylethylenediamine-N N’-biscarboxydiethylamide, 315. 
C,.H;,0,P Diethyl n-dodecylphosphonate, 1466. 


-16 IV 
C,,.H,0.N, 7-Bromoquindoline-11-carboxylic acid, 609. 
C,.H,O,N,Cl, 2:6-Diketo-3-(2’:6’-dichloro-4’-nitropheny])isoindolinopyrazolidocoline, 472. 
C,,H,O,N;,Br, 2:5-Diketo-3-(2’:6’-dibromo-4’-nitropheny])isoindolinopyrazolidocoline, 473. 
C,~H,,0,N.Cl, 4:8’-Dichloro-6’-quinolylanthranilic acid, 680. 
CyeH,,0,N,Cl 2:5-Diketo-3-(2’-chloro-4’-nitropheny])isoindolinopyrazolidocoline, 471. 
C,.H,.0.N ee ee 473. 


eH,;0,.NS8 2-Acetamido-2’-carbox: 
CH ON 8 3-Keto.2-acetyl-2:3-dihy 
C,H, N, Bis-2-(5-2-thienylpyrrole)azamethin dihydrochloride, 1200. 
C,.H, ,0 rn 810. 
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drobenzthiazine 2:4-dinitrophenylhydrazone, 1621. 
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Formula Index. 


C,,H,,ON 2-p-Chloroanilino-4-ethoxyquinazoline, 780. 
2-(2’-Chloro-4’-aminophenylamino)isoindolinone-3-acetic acid, 472. 

0..H,.0.8,8 6-Ethoxythioindoxy] 2:4-dinitrophenylhydrazone, 658. 

.0,,H,,0,N,Cl 4’-Nitro-1:2’-dimethoxy- “mg eames perchlorate, 465. 

C,eH,s' 2-Methylethylaminothioxanthone, 1233 

CoH ON 4-p-Hydroxyphenylcinnoline ethiodide, 1655. 

C,,H,,ON,Cl 2-Amino-4-p-chloroanilino-6-p-anisidino-1:3:5-triazine, ngteesttectin, 160. 
As-spiro-Bis-5-chloroisoarsindolinium hydroxide, salts, 66 

CicH,.0 4-Methylacetamido-2’-carboxydipheny] sulphide, 1232. 

C,H, ,O.N. 4’-Chloro-3-nitro-N -aceto-4:5-dimethyldiphenylamide, 913. 
2-Chloro-2-benzamidophenyldimethylcarbinol, 810. 

6-Chloro-7:9-diacetyltetrahydrocarbazole, 939. 

C,.H,,0,NBr 6-Bromo-7:9-diacetyltetrahydrocarbazole, 939. 

C,eH,,0,N.8 Di-(2-nitro-1-phenylethyl) sulphide, 1481. 

C,.Hi aa reNitre-2-methylbonathia a drazone, 1611. 


Cee 8 
C,H. no ry its ‘salts, 913. 
vo ‘athorydiphen sulphi 1232 


ry 


5- Acetylsulphanilamido-2- vennyiihtansie 1597. 
6-Bromo-10:11- hylthiaral 7: f2(8-phongl-+ methylene} 939. 


C,, Group. 


C,,H,,.N,. cie- and trans-4:4’-Dicyano-2-methylstilbene, 691. 

GH. Methy] dibenznorcaradienecarboxylate, 750. 

CHO 6 hestaleabetanl avanicin, 1027. 
Caro NN’-Di-2-p ylbenzamidine, 389. 
6-Methoxy-2-p-methoxyphenylindene, 1697. 
m (o-Tolyl)- 1:4:9:10-tetrahydronaphthaquinone, 1094. 
p-Tolyl-1:4:9:10-tetrahydronaphtha-5:8-quinone, 1094. 
CrrBeOs 3-Acetoxy-2-methoxy-9:10-dihydrophenanthrene, 1696. 
-Anisy]-1:4:9:10-tetrahydronaphthaquinone, 1096. 

c,,14,0, O-Carbobenzyloxyhomovanillin, 1695. 
trans-4:4’-Diamidino-2-methylstilbene, 9 * ‘gpammaaene 691. 
2:8-Bismethylamino-3:7-dimethylacridine, 249. 
2-0-Acet fi ne ee ry mee 1696. 

Ethyl 1-keto-5-methoxy-6:8-dimethy]-1:2:3:4-tetrah ydronaphthalene-2-glyoxylate, 538. 
p-i8o seppioten ldi-8-methylallylphosphine, 1449. 

-Amino-4-p-toluidino-6-diethylaminoethylaminopyrimidine, 1363. 

NN’-Di-n-amylbenzamidine, and its picrate, 388. 

9-y-Diethylamino-a-methyl-n-but at :6:8-trimethylpurine, 51. 
5-Amino-3-(8-diethylamino-a-methyl-n-butylamino)-o-xylene, 912. 
1;11-Bis-(2’-dihydroglyoxalinyl)undecane, and its toluene-p-sulphonate, 500. 
4-Amino-2-y-di-n-butylaminopropylamino-5:6-dimethylp ine, and its dipicrate, 48. 

mino-4- y-di-n-but ———— 6-dimethylpyrimidine, 50 


cag ite salts, 199. 


17 


CH 5:8-Dichloro-2-methyl-3:4:2’: Pea, 681. 

OH Om Acetyl-7-nit: uindoli e, 610. 

,0,N, 6:4’- and 7:4’- benzylidene-2-naphthylamines, 330 

¢ re from 4-meth eee pair ane acid and o-nitrobenzaldehyde, 810. 
1 


ec: 


serena +e 
Benzo-1/42  dinitcopheny 1)- errs 2-B- saiploaiae $33. 
hylenethionaphthindole, and its picrate, 657. 
chloroanilino-5-phenyl-2-methylpyrimidine, 1361. 
o entero. ioe lp nchylons S-anghiiirhontnn, 1061. 
cis-4:4’- Dibromo-2:2’-dimeth ylstilbene-a-carboxylic acid, 692. 
1-Keto-3-(2’-: 4 -dinitropheny!)2-methyltetrabydrophthalazine-. -acetic acid, 834. 
lamino)isoindolin 


g wh: 4’-dinitro —— 3-acetate, 
";4’. en 833. 





Formula Index. 


-1;8-naphthyridine, and its salts, 1410. 


17H, 0 urethane, 1585. 


C,,H, ,0,N, “p 
,,11, O.M 3-0-4" Acstony-3-methoxyphenylindole, 1695 
17a 5 -0-4’-Acetoxy-3’-methoxyphenylindole, . 

‘N-Benzoyl-1:2:3:4-tetrahydroisoquinaldinie acid, 129. 

C,,H,,0,N, 4’-Acetamido-2’-methoxy-3-phenylphthalaz-l-one, 466. 
4’-Acetamido-2’-methoxy-3-phenylphthalaz-4-one, 466. 

C,,H,,0,N, 4’-Nitro-1:2’-dimethoxy-3-phenyl-4-methylene-3:4-dihydrophthalazine, 467. 

C,,H,,0;,N, Methyl 2-(4’-nitrophenylamino)isoindolinone-3-acetate, 470. 
2-(4’-Nitro-2’-methylphenylamino)isoindolinone-3-acetic acid, 473. 

C,,H,,0,N, 1-Hydroxy-3-(4’-nitro-2’-methoxypheny])-3:4-dihydrophthalazine-4-acetic acid, 464. 
Sal ee inone-3-acetic acid, 464. 

C,,H,,ON, 3-Ethyl-2-aniloethylidenebenzoxazoline, 959. 


C,,H. ‘O.N, 7-Carbethoxyamino-9-methylphenanthridine, 71. 
P ~ OM, or Bieth-o ~~ — 1508. . 
ae-Bis-(5-cyano-2-pyridyloxy)pentane, 88. 
r : sue </-aeshenusllhenn —_ 1608. i 
C,,H,,0,N,. 4’-Acetamido-2’-methoxy-N-phenylphthalimidine, 466. 


OT NB 

on Ok, 

"H,.O,N 
‘N 


Aaa QQQQQQQQaeaeesnr mana 


cinnoline ethiodide, 1654 
otetrahydroacridine, 636. 

2-Amino-4:6-di-p-anisidino-1:3:5-triazine, hydrochloride, 159. 
2-Acetamido-4’-carbethoxyaminodiphenyl, 70. 
3-Deoxy-l-xylose p-nitrophenylosazone, 972. 
7:9-Diacetyl-6-methyltetrahydrocarbazole, 939. 

17H,,0,N, 5:7-Diacetamido-1:2:3:4-tetrahydroacridine, 636. 

2:8-Diamino-3:7-diethoxyacridine, 248. 
C,,H,,0,N 2-0-Methoxymethylphenylethyl N-phenylcarbamate, 1640. 
C,,H,,0,N, ee Oe mere a gre Mee, Per a RL hydrochloride, 618. 
y 2 3-Dimethylaminophenol N-4-methoxybenzylurethane, methiodide, 189. 
C,,H,,0,N, e-Bis-(5-amidine-2-pyridyloxy)pentane, dihydrochloride, 88. 
C,,H,,N,Cl 2-Chloro-4-y-diethylaminopropylamino-3-methylquinoline, and its dipicrate, 908. 
C, f 4-p-Chloroanilino-6-y-dimethylaminopropylamino-2:5-dimethylpyrimidine, and its dihydro- 
chloride, 1359. 


2 
Ci, 


C,,H2.0 
C,H IB p-Ethylphenylme 

p-Xylylmethyldi-8-methylallylphosphonium iodide, 1449. 
0,{H,,0N, 5-Phenylureidodecane, 1496 
C,,H,,N One Se ereanemnna ain 50 anes, dipicrate, 48. 
C,.H..ON, 2-y-Di-n-butylaminopropylamino-4-hydroxy-5:6-dimethylp idine, and its dipicrate, 48. 
C,,H,,ON, 2-Ureido-3-methylpentadecane, 1499. 

17 IV 


C,,H,,ONS ary ne uinolylthionaphthen, 1577. 
C,,H,,0N,Cl 8-Chloro-2-methyl-3:4:2’:3’-pyridoacridone, 681. 
C,,H,,ON Acetyl-7-bromoquindoline, 610 

17s cis-4- Bromo-4’-cyano-2-methylstilbene-a-carboxylic acid, 691. 
C,,H,,;0,NS 6-(2-Carboxyethyl)thionaphthindole, 658. 

0.N Fluoro-5-diacetamidoacridines, 762. 
Diacetamidothioxanthone, 1233. 

C,,H,,0,N,8, p-Nitrophenyl 2-acetamido-4-phenyl-5-thiazyl sulphide, 118. 

17H,;0,N,Br Toluene-p-sulphon-1-bromo-7-nitro-2-naphthalide, 330. 
C,,H,,;0,N;Cl, Methyl 2-(2’:6’-dichloro-4’-nitrophenylamino)isoindolinone-3-acetate, 472. 
C,,H,,0,N,Br, Methyl 2-(2’:6’-dibromo-4’-nitrophenylamino)isoindolinone-3-acetate, 473. 

5N;S, p-Nitrophenyl 2-acetamido-4-pheny]-5-thiazyl sulphone, 118. 
1:7-Dinitro-p-toluenesulphon-2-naphthalide, 1061. 
7H. Outicl 2-p-Chloroanilino-4-phenoxy-6-methylpyrimidine, 790. 
1741,40,NC1 Methyl-2-chloroethyl-2-acetoxyethylamine, and its salts, 517. 
C,,H,,0,N.8 Tolnene-p-sulphon-6-nitro-2-naphthalide, 330. : 
Toluene-p-sulphon-7-nitro-2-naphthalide, 330. 
C,,H,,0.N. Methyl 2-(2’-chloro-4’-nitrophenylamino)isoindolinone-3-acetate, 471. 
C,,H,,0,N,Br Methyl 2-(2’-bromo-4’-nitrophenylamino)isoindolinone-3-acetate, 473. 
Gb s 4-(p-Nitrobenzenesulphonamido)-2-phenyl-6-methyl-3-pyridazone, 552. 
C,,H, Mi 10-Chloro-12-methyl-6-ethylthionaphthindole, and its picrate, 657. 
1778 





Formula Index. 17 IV—18 IE 


on Ons 3-Nitro-2-phenyl-1-p-bromo eee wept cuanto, 1508. 
C,,H,,0,N,8 4-Sulphanilamido-2-(p-nitrop ket bondtbenene, 553. 
C iH ONS 3- (4’-Nitro-2’-methoxy phenvl)-3: yiSmothyl Spyridacone, 609. acid, sodium salt, 


5- 2-Chloro-4:0-24, -2-aniloethylidenebenzthiazoline, 957. 
2-Chloro-4:6-di-p-anisidino-1:3:5-triazine, 159. 


5- Chiore-2-p-enilinovinyibeasthiascle mechyiphthalasn 957. 
4-Ethylacetamido-2’-carboxydiphenyl sulphide, 1232. 
C.,H,,0 oN.8 Dimethyl-2-benzoyloxyethylsulphonium picrate, 769. 
C,,H,,N,ClSe 2-f8-Anilinovinylbenzselenazole ethochloride, 958. 
C,,H,,N,ISe 2-8-Anilinovinylbenzselenazole ethiodide, 958. 
C, 5-Chloro-2-[4 (or 5)-chloro-2-bromomethylbenzyl]]-2-methylisoarsindolinium bromide, 669. 
C,,H,,0 2-Chloroethyl N-dibenzylcarbamate, 179. 
CHO 4N,8 8-Benzylthio-n-butaldehyde dinitrophenylhydrazone, 1611. 
‘NS 4-Dimethylamino-2’-carbethoxydiphenyl sulphide, 1232. 
N‘-Acetylsulphanilhomovanillylamide, 616. 
C,,.H,,0.N,P Adenosine-5’-benzyl phosphate, and its silver salt, 651. 
C,,H,,0,N,Cl_ 4-y-Diethylaminopropylamino- 5-p-chlorobenzeneazo-2: 6-dihydroxypyrimidine, and its di- 


icrate, 731. 
aN Bis-2- (4-methyl-3-ethylthiazole)pentamethincyanine iodide, 1443. 
4 2-£-Diethylaminoethylamino-4-p- Oy Yee ne mae Oy in 788. 
4-B-Diethylaminoethylamino-2-p-chlorophenylthio-6-met rb Chaar may _ 
ONBr 9-Keto-5-methyl-2-ethyl-6:7-benzomorphan et 
oH, NLS, [Bis-2-(3-methyl-A*-thiazoline)][ap’ ndicbethine®’ 13" mnsthhi-A® shiasoline) trimothineyanine 
i-iodide, 1442. 


17 V 
C,,H,.N,CUS 5-Chloro-2-8-anilinovinylbenzthiazole ethiodide, 957. 


C,, Group. 


Diketophenyl-a- and -8-naphthylethanes, 60. 
9-(3’-Pyridyl)phenanthridine, and its salts, 1413. 
3- and 7-Amino-9-(3’ a and their salts, 1415. 
Phenyl-a- and -8-naphthylglycollic acids, 60 
cis- and trans-4:4’-Dicyano-2:2’ -dimethylstilbenes, 692. 
NN-Diphenylpicolinamidine, and its picrate, 1116. 
2’:5-Dimethoxy-1-phenylnaphthalene, 226. 
4’-Hydroxy-3:5:7-trimethoxyflavone, 123. 
1-Methyl-2-aniloethylidenedihydroquinoline, 958. 
1-Anilino-5-anilomethyl-1:3-pentadienes, hydrobromides, 961. 
Sebyi pydrecyee dighenttbetyreas and its toluene-p-sulphonate, 500. 
Bede ne 1698. 
Bede -ay-di-p-methoxyphenylbutyric acid, 1698. 
trans-4:4’- Diamidino-2:2’-dimethylstilbene, dihydrochloride, 692. 
2-Amino-8-diethylamino-3-methylacridine, 249. 
2-(2-Diethylaminoethylamino)-p-phenanthroline, hydrobromide, 1661. 
NN *Diphenyl-N -methyl-N’-et. Fietnathylenedtaminn, 311. 
2-B-Diethylaminoethylamino-5-benzeneazo-4:6-dimethylpyrimidine, 51. 
Ricinoleic acid, scission of, 753. 
Di-n-octylacetonitrile, 741. 
2-Amino-4:6-bis-(y-diethylaminoprop ng aman 47. 
2 aa-Diethyl-a-n-butylacet-N-sec.-octylamidine, 741. 
aa-Di-n-octylacetamidine, hydrochloride, 741. 

Sheaseanidinn, and its salts, 741. 

Di-n-nonylamine, and its salts, 199. 
yidi-n-octylamine, 200. 
Hexadecylethylamine, hydrochloride, 199. 
Tri-n-hexylamine, oxalate, 200. 


18 HI 


CHO 3 Nitro-9- gr em 6 ma a and their salts, 1414. 
Croll, 10:11-Benzthionaphthindole, 657 
1:12. Benrthionaphthindole and its picrate, 657. 
0,4, 7-Nitro-1-p-nitrobenzeneazo-2-naphthy] acetate, 1061. 
Coll Trichlorophenylstibines, 1569, 1570. 
C,,.H,,01,8b- Tri-p-chlorophenylstibine dichloride, 1570. 
CieHs Sb Tri-p-bromophenylstibine dibromide, 1570. 
CHL, 0.N a- and B-Naphthy]l isonitrosobenzyl ketones, 60. 
N-w- lidene-p-aminoacetophenone, 1420. 
Nitro-2-nicotinamidodi 


= 1’:5-Bis-(2: <dithio-6 phen 
oe sON 3-Methyl-3-(2’-benzoylvinyl)indole, doe 1681. 





18 DI—18 IV Formula Index. 


C,.H,,0.N 2-Hydroxy-l-naphthaldehyde p-methoxyanil, 978. 

C,,H, ,0,N, oes Se isoindolinopyrazolidocoline, 471. 

C,.H,,0.N, 1-Acetoxy-3-(3’-nitrophenyl)-3:4-di ydrophthalazine-4-acetic acid, 473. 

C,,.H,,0,C1, 1:1:1-Trichloro-2:2-di(4-w-carboxymethoxyphenyl)ethane, 849. 

C,,.H,,0,N, Acetyl derivative of 1-hydroxy-3-(2’:4’-diaminopheny])-3:4-dihydrophthalazine-4-acetic acid 
m, 


RC cetamido-2’-methoxy-3-pheny]-4-methy rar ser = 467. 
mino)isoindolinone-3-acetate, 473. 


C,,.H,,.N.8 3-Ethyl-2-8-anilopropylidenebenzthiazoline, 958. 

"3-Eth | 2aullotepropylidenebenethiazoline, 958. 
‘oP Sa a rim ge 1448. 
C,.H,,0.N, O-Carbethoxyhomovanillin p-nitrophenylhydrazone, 1694. 
C,,H,,0,.N, s-Bisphenylacetoethylenediamide, 503. 
C,,.H,,0,N, re ee ene aaa 1398. 
C,.H,,ON w-Dimethylamino-w-a-phenylethylacetophenones, and their picrates, 94. 
C,,H,,0,.N 1-cis- and -trans-3-Methylcyclohexyl-a-naphthylurethanes, 206, 207. 
C,,.H,,0,N 5-Benzamidomethyl dihydroeugenol, 126. 
Dimethylaminoethyl benzilate, 60. 
0,02 2-Amino-4:4’-dicarbethoxyaminodiphenyl, 71. 
C,,H,.0.N, ng aterm a henol N-benzylurethane, and its methiodide, 189. 
C,.H.,0,.N, Bis-(m-di cagieateseneaill e, 247. 
C,,H,,.0 N, Methy] 1-triacetyl-d-xylosidoglyoxaline-4:5-dicarboxylate, 380. 
C,,H,,0N, 2-y-Diethylaminopropylamino-4-hydroxy-1:3-diaza-acridine, and its salts, 734. 
CieHt0,N 2-Acetamido 2-acetyl 4:6-benzylidene a-methylaltroside, 20. 

2-Acetamido 3-acetyl 4:6-benzylidene a-methylglucoside, 21. 
C,,H,,0,.N ep peer ae 6-, 7-, and 8-methoxy-3-n-heptylquinaldines, 1038. 
C,,H,,0,P Tri-8-methylallylphosphine-p-benzoquinone, 1449. 
CigHl, ON Ethyl 2-0-anisidino-5-ethylcyclohex-1-enecarboxylate, 1038. 

thyl N-benzo 1-4-propylpiperidine-2-carboxylate, 223. 

C,H, ;0. Ethyl £-(3:4-diethylcarbonatophenyl)-N-methylserine, salts, 661. 
eH.,.0 10-Benzamidodecy] cyanide, 1371. 
eH,0,N, 2-8-Diethylaminoethylamino-4-p-methoxyphenoxy-6-methylpyrimidine, 789. 
CigHlesO.Ne 4-p-Nitroanilino-6-8-diethylaminoethylamino-2:5-dimethylpyrimidine, and its dihydrochloride, 


C,,.H,,0,N, 2-Nitro-3-diethylaminobutane, 1488. 
C,.H,.N,Cl 2-Chloro-4-y-diethylaminopropylamino-3-ethylquinoline, and its dipicrate, 909. S 
Creag Cl 4-p-Chloroanilino-6-8-diethylaminoethylamino-2:5-dimethylpyrimidine, and its dihydro- 
»-Chlorcanilino-6-y-dimethyla lamino-2-methyl-5-ethylpyrimidine, and its sal 
4-p-Chloroanilino-6-y-dimethylaminopropylamino-2-methyl-5-ethylpyrimidine, and its salts, 1360. 
, HN Br é-p-Becamsanitine 6-0 -disthglaninesthylemtine O:5-dhenthatertietins, 1359. 
C,.H,,ON, 4-y-Diethylaminopropylamino-2-hydroxy-3-ethylquinoline, 908. _. 
4-y-Diethylaminopropylamino-6-methoxyquinaldine, dihydrochloride, 1553. 
C,H,/0.N Ethyl N-benzyl-4-propylpiperidine-2-carboxylate, 224. 
C,eH,,0,N Ethyl] 3-(2-benzamidoethyl)hexane-1l-carboxylate, 223. 
«Cl 2-Amino-4-p-chloroanilino-6-diethylaminoethylamino-5-ethylpyrimidine, 1363. 
C,.H.,0.N, 5-Acetamido-3-8-diethylaminoethylamino-o-xylene, 912. 
C,.H,,0,N, NN’-Dimethylhexamethylenediamine-N -carboxydiethylamide-N’-carboxymorpholide, 318. 
C,.H;,0.N, NN’-Dimethylhexamethylenediamine-N N’-biscarboxydiethylamide, 315. 


18 IV 


C,.H,,ON,S 6-Nitroso-11:12-benzthionaphthindole, 658. 
C,,H,,0,N,8 2-Nitro-11:12-benzthionaphthindole, 657. 
C,.H,,0,N,8 Benzthioindoxy] 2:4-dinitrophenylhydrazones, 658. 
C,,H,,Cl,Br,8b Tri-p-bromophenylstibine dichloride, 1570. 
C,,H,,Cl,Br. Tri-p-chloro eae oe dibromide, 1570. 
C,H, Tri-p-chlorophenylstibine di-iodide, 1570. 
C,,H,,Br. - Tri-p-bromophenylstibine di-iodide, 1570. 
C,H, As Phenyl-p-chlorophenyl-p-bromophenylarsine, and its hydroxy-picrate, 511. 
C,.H,,0.N,8, 2-Dibenzamido-4-mercaptomethylthiazole, 324. 
C,,H,,0,N,8 N-Benzoylbenzenesulphon-2-pyridylamide, 387. 
C,H, ,0,N,Cl See ee ingyen: 472. 
C,,.H,,0,N,Cl Ethyl 8’-chloro-6’-quinolylanthranilate, 680. 
C,.H,,0,N.8 6-Acetamido-4-p-nitrobenzeneazo-2-benzylthiazole, 1597. 
C,,H,,0,N.Br 7-Carbethoxyamino-9:10-dimethylphenanthridinium bromide, 71. 
1780 
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Formula Index. 


C,H, re -Anilino-a-methylvinyl)benzthiazole ethiodide, 958. 
Anilino- fa eR he wea rer ethiodide, 958. 
8 -Benzylthiotsovaleraldehyde dinitrophenylhydrazone, 1611. 
7-Acotamido-0-methylphenanthridine methosulphate, 71. 
2-Ethylbenzthiazole etho-p-toluenesulphonate, 958. 
oe 1-Phenacyl-a-phenylethyidimethylammonium bromide, rearrangement of, 93. 
N*-Acetylsulphanil-a-vanillylethylamide, 616. 
Cone C 2-y-Diethylaminopropylamino-4-p-chloro ee neae ee Santiglagetnitinn, 788. 
4-y-Diethylaminopropylamino-2-p-chlorophenylthio- methylpyrimidine, be 
HONS 2-Dict rop mino.6.p-chlorophenyithio-2-methy Ipyrimidine, 789 
8 2-p-Diethy’ iicetiaicainedes methoxypheny. thio-6-methylpyrimidine, 788. 
-Diethylaminoethylamino-2-p-methoxyphenylthio-6-methylpyrimidine, 
Bis-2-(3-ethyl-A*.thiazoline).8 methylheptamethineyenine iodide, ‘062. 
C,,H,,0. 11-Benzamidothioundecoamide, 1377. 


18 V 
C,.H,,0CIBrAs Phenyl-p-chloropheny]-p- saoepeaponatanies oxide, 511. 
C,,H,,ONBrMg Substance, from action of Gri ts on 3-acetyl-2-phenylpyrrocoline, 672. 
C,,.H.,0.N,IS 4-Methyl-5-carbethoxymethylt 7s. dehyde p-dimethylaminoanil methiodide, 1402. 


C,, Group. 


2’-Methoxy-1:2-benzanthraquinone, 942. 
Gn8.0 2’ ;-Methoxy-1: 2-benzanthracene, and its picrate, 942. 
1’:5-Dimethoxy-3:4-benzfluorenone, 226. 
a ‘Tluovins ener eee acid, 765. 
0,3... " ox ethoxybenzoyl)-1-naphthoic acid, 942. 


C,,H,,.0 375 Dimethoxy: 1-phenylnaphthalene-2 (or 3)- ratborili acid, 226. 
eco Stencemeiene aan, 1028. 


Cam Meth yidi a ncnyloming, hydrochloride, 200. 
pyldi-n-octylamine, 200. 


19 


C,H, nee 4-Nitro-2’-o-nitrobenzamidodiphenyl, 73. 
4 3-Bromo-9- | Penne gee Sm enant e, 86. 
C,.H..0,N. 3:5:3':5’-Tetracyano-ay-dip phenoxypropane, 83. 
C,.H..N,Cl, 4-Chloro-2-p-chloroanilino-7:8-benzoquinoline, 906. 
C,,H,,0,N, pinned es ~ me 73. 
0-9-p-nitrophenylphenant ine, 
7-Amino-9-p-nitrophenylph idine, 72 
Oc. 08, 3-Nitro-9-(6’-keto-1’-methyl-1’:6’-dihydro-3’-pyridyl)phenanthridine, and its hydrochloride, 


oun 0,01 2-Phenyl-f-naphthopyrylium perchlorate, 348. 
0, HMB 2-Methyl11:12-benzthionaphthindole, and ite picrate, 657. 
ethyl-11: 12- tons piihindol, om and te dipicrate, 657. 


yt -ithiokydantotn, and its hydroxy-picrate, 509. 
— 2-Hy: 1-18 hth en 1047. 
5- 


CH, — 1-6-acetyl-2:3-dimethylindole, 1633. 
oxy-9-methoxy-2:3-dihydro-f- cen I in 

Coron, O-Acetoxy-3-(4’-nitro-2’-met 

C,,H;,,0, A 4-Diet SS 2: Dinitcop! eny oe 660. 

Cio ss0, 2:7- ee 10-dimethylp. — hydrochloride, 72. 


Cc eo Ethyl Lhe. Ichydroxy-3(4 aioe. 2’ ‘methox hen a Adihydve hthalazine-4-acetate, 464. 
1- mies Teatan- 4-acetate, 464. 


Cita pacetate, 617 
C,,H,,0,N, 5-Cyano-3:3’:5’-triamidino-ay-diphenoxypropane, h. loride, 83. 
5 he -p-anisidino-6-ethoxy-1:3:5-triazine, h — 160. 
Cc, Phenylcarbamyl-2: 3-dimethyl-6-ethylindoline, 1633 
Cub Ot 1:3. Dibenuatnido 2:2 dimeth pro 1502. 
‘ Rm acetyl-d-glu ener, 380. 
C,H, Propyl-a-butylearbing) a-naphthylurethane, 75 
C,,H.,N Cl Y- -p-Chlorophenyl-N’-B Aeahylaminoetaylaminopions guanine, 916. 








19 DI—20 Mm Formula Index. 


CipHasO.N. 2-y-Diethylaminopropylamino-4-p-methoxyphenoxy-6-methylpyrimidine, and its dipicrate, 


C, a hie _—rrcte, -B-diethylaminoethylamino-2-methyl-5-ethylpyrimidine, and its dihydro- 
chloride, , 

4- FP gr oe Me a ee ne en mere a mere and its dihydrochloride, 1359. 

C, 20M 4-p-Anisidino-6-f-diethylaminoethylamino-2:5-dimethylpyrimidine, and its dihydrochloride, 


4. - dimethylaminopropylamino-2-methyl-5-ethylpyrimidine, 1361. 
ithe 2-Amino-4-p-chloroanilino-6-diethylaminopropylamino-5-ethylpyrimidine, 1363. 

C,,H;,0,.N l-trane-3-Methyleyclohexy1 l-menthylaminoacetate, sulphate of, 207. 
C,,H;,0,N, NN’-Di-(2-ethoxyethyl)ethylenediamine-N -carboxydimethylamide-N’- -carboxypiperidide, 318. 
C,,H;,,ON 1-Acetamidoheptadecane, 199. 


19 IV 
Cuiwowl 2 3:6-Dichloro-9-benzoylcarbazole, 939. 
a0 2-p-Chloroanilino-2-hydroxyperina ~ + 7. :3-dione, 130. 
5-Bromo-2-p-bromobenzamidodiphenyl, 86 
oH “Oats 3-Acetoxy-2-2’-quinolylthiona — en, 1577. 
*Hy.0 


C, Ra eee eee Cpe oe 

C,H, 10-p-Bromopheny]-2- methylphenoxstibine, 8 
C,5His 10-Phenyl-2-methylphenoxstibine dichloride, 7 
CieHic' Phenyl-p-tolyl-p-chlorophenylarsine oxide, 509. 


On Oat 4-Amino-2’-N-benzenesulphonylcarbamyldiphenyl sulphide, perchlorate, 1232. 
C,,.H,,0.N. Ethyl 4-chloro-(8’-methyl- e’-quinolyljanthranilate, 681 
C,9H,,0,N,8 4-(N-Acetylsulp mido)-2-(p-nitrophenyl)- -geadort 3- pyridazone, 553. 
on ONS 4-(N-Acetylsulphanilamido)-2-phenyl-6-methyl-3- a § 552. 
Ethyl 4:6-diacetoxy-3-p-nitrophenylthio-2-methylpyridine-5-carboxylate, 54. 
C,.H.,0.N 3-(2’-p-Toluenesulphonylcarbamylphenyl-1’-thio)pentane-2:4-dione, 1576. 
C,,H,,N,IS, Bis-2-(3-ethyl-A*-thiazoline)-83-dimethylheptamethincyanine iodide, 962. 
eo 5-n-Hexoamido-4-carbethoxy-2-benzylthiazole, hydrochloride, 1596. 
CisHnO8 2-y-Diethylaminopropylamino-4-p-methoxyphenylthio-6-methylpyrimidine, 788. 
Diethylaminopropy lamino-2-p-methoxyphenylthio-6-methylpyrimidine, 788. 
0,,12,0.N,8 10- (> adlansidcbonasnesdayietanadl o)decyl cyanide, 1371. 


C., Group. 


CooH,,0, 2’:5-Dimethoxy-1-phenylnaphthalene-2:3-dicarboxylic anhydride, 226. 
2 1:1’-Azonaphthalene, reduction of, 77. 
CsH,,0° a. 1000. 
160, 9-m-Tolylxanthhydrol, 1000. 
1 Bis-2-(5-phenylpyrrole)azamethin, salts, 1200. 
Cube Methyl 2’:5-dimethoxy-1-phenylnaphthalene-2(or 3)-carboxylate, 226. 
2:5-Dibenzoyl 1:4-3:6-dianhydro-d-iditol, 1404. 
cotdr t dianhydro-l-iditol, ae ‘ 
130, 4’-Acetoxy-3:5:7-trimethoxyflavone, 123. 
7-Piperidino-4-phenyl-2-methyl-1:8-naphthyridine, 1410. 
Cc ~ 5:6-Dimethoxy-3-veratryl-2-methylh: done, 951. 
thyl aB-di-p-methoxyphenylacetoacetate, 1698. 
4-Keto-6:7-dimethoxy-1-veratryl-1:2:3:4- tetrahydronaphthalene, 951. 
Caos. Diisoeugenol, structure of, 948. 
- Dimethoxy-3-veratry]-2- methylhydrindene, 951. 
6:7-Dimethoxy-1-veratry]-1:2:3:4-tetrahydronaphthalene, 951. 
C.yoH,,0, §8-Diveratryl-c-methylpropionic acid, 951. 
C,oH,,Br, 2:2-Dibromo-3:4-di-tert.-butylacenaphthene, 745. 
C,.H,,.Br 2-Bromo-3:4-di-tert.-butylacenaphthene, 745. 
CyHaN, 4-(Quinolylamino)-2-8-diethylaminoethylamino-6-methylpyrimidines, 1617, 1619. 
CooHe:N 2-Amino-3:4-di-tert. i -dilooropthetketen 744. 
CyoH.,.N, NN’-Diphenyl-N N’-diisopropylethylenediamine, 310. 
CaoBloS, 6(or 2)-Mercapto-1:2: 6-trimethylheptyl 4-methyl-1-isopropylhex-4-enyl sulphide or 1:5-dimethyl- 
1-ethylhex-4-eny] sulphide, 1539. 
Cuban Dihydromyrcene bis(isoamy] sulphide), 40 
Di-n-decylamine, hydrochloride, 200. 
t Oo ai n-nonylamine, hydrochloride, 200. 


20 II 

C,.H,,0,N; 3:6-Dinitro-1:2:7:8-dibenzocarbazole, 77. 
Cy oH,,N 3:6-Dichloro-1:2:7:8-dibenzocarbazole, 78. 
cae ‘ Hen mer agers ee 1’. azo-6’-nitro-2’-naphthol, 331. 
CooH,,0,N, 3:3’-Dinitro-4:4’-dihydroxy-1:1’-dinaphthyl, 1574. 

2 1:1’-Dibromo-2:2’-azonaphthalene, 1392. 
C,9H,,ON, 3:4-Diphenylcinnoline N-oxide, 1651. 

3-Phenyl-4- -hydroxyphenyleinnoline, 1661. 
OuOy is-3-(2-keto-5-phenyl-2:3-dihydrop ee lylidene), 1199. 
C,.H,,0,N, 3:3’-Dinitro-4:4’-diamino-1:1 dinapht byl, 1573. 
1:1’-Dichloro-2:2’-diamino-3:3’-dinaphthyl, and its dihydrochloride, 1391. 


CxH,.N-Br, 1:1’-Dibromo-2:2’-diamino-3:3’-dinaphthyl, and its dihydrochloride, 1392. 
CooH,,.N,Br 1-Bromo-2-naphthaleneazo-8-naphthylamine, 1391. 
Cy oH,,N,Cl, 2:4-Bis-p-chloroanilinoquinazoline, 780. 
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Formula Index. 


CoH, ,ON ene we Dery Ce ree — 
aeetee Coe 
CscH,.0,N 2! 0 Dimethoxy-1-phenylnapht. 2: a 227. 
Or ON, 2-m Methoxyphonyl-f-naphthopyryiinm pe a 1348. 
C.oH,,.0 6-Nitro-1-hydrindenol £-naphthylurethane, 
* 3: 5-Diphenyl-2-(but-1’-en-3’ far wwe: esi. 
C,.H..0,N, Hex-2-en-4-yne-1:6-diyl bisphenylurethane, 1589. 
C.oH,N 7-Amino-9-o-aminophenyl-10-methylphenanthridinium chloride, 74. 
C,o.H Di-p —_ -p-chloropheny: e, 513. 
CooH,,ON 3-(0-3-Xylidino-4:5-benzocoumaran, 1047. 
3-(m-4-Xylidino)-4:5-benzocoumaran, 1047. 
3-(p-Xylidino)-4:5-benzocoumaran, 1047. 
0,,850 . 5-Benzimido-1- ey 2-dimethylpyrrolidine, 1510. 
C.oH,,0,N Non-2-en-4-yn-l-yl a-naphthylurethane, 1585. 
C.oH,,0,N, 2-Dimethylamino-4: a and its picrate, 732. 
4-Dimethylamino-2:6- ee SS mee e, 732. 
C.oH,,0,Br 2-Bromo-3:4-di-tert.-butylacenaphthenequinone, 745. 
C.oH,,0,Br 3-Bromo-4:5-di-tert.-butylnaphthalic anhydride, 745. 
C,.H,,0,N, 2: ae Fe Et ee RA a per ee mg 71. 
CyoH,,0,N 3-Nitro-4:5-di-tert.-butylnaphthalic anhydride, 744. 
C,.H,.N,S 3-Ethyl-2- rey pylidenetiavaliding, 1440. 
Cy.H.,0,N, 3-Nitro-4:5-di-tert phthalimide, 745. 
CaoH.,0,.N, O-Picryl-N ‘hexovanililamide, 615. 
C,.H,.N,I 4-p-Dimethylaminostyryl-1l-ethylcinnolinium iodide, 811. 
CyoH,;0,N, 2-Phthalimido-3:6-di-sec. Tee ee 377. 
CyoH,,0,N 5:6-Dimethoxy-3- ee -methylhydrindone oxime, 951. 
CyoH,,;0,N, 2-Acetamido-4:4’-dicarbethoxyaminodiphenyl, 71. 
CroHl, ON, 2: +4-Dibensamido-2-methyipentane, 1398. 


CooH,,0,N, 2:7-Dinitro-3: :4-di-tert. -butylacenaphthene, 744, 


C.9H,,0,N, 2 Phibslamide-® Ay pen -butylpyrazine, 377. 
s0,Br tse 1 hexylpent-1-ene-l-carboxylate, 772. 
CyoH,,0,N, -Ionone 2:4-dinii ylsemicarbazone, 1390. 
C.oH,,.N,Br 4-(5’-Bromo-8’-quinolylamino)-2-8-diethylaminoethylamino-6-methylpyrimidine, and ite di- 
hydrochloride, 1619. 
CooH.,0,.N, Hexamethylenedibenzamidoxime, 968. 
CooH,,0,N 2:9-Diketo-4-methyl-5-8-diethylaminoethyl]-6:7-benzobicyclo[3:3:l]Jnonane, 400. 
C,oH,,0,Br p-Bromophenacyl 1-cyclohexylpentane-1-car late, 772. 
my -Chloro-3-8-diethylaminoethylamino-4:5-dimethyldiphenylamine, and ite di-p-toluenesulph- 
onate 
C,,H,,0N, N-p-Methoxyphenyl-N’-p-B-diethylaminoethylaminophenylguanidine, 916. 
CeoH,,0,N, 2-n-Heptylidene-n-heptaldehyde dinitrophenylhy 6. 
cl 4-p-Chloroanilino-6-8-diethylamino-a-methylbutylamino-2-methylpyrimidine, Saat, 1357. 
~~ aeemeaenesarinds deaasea aaa tamale usher dtabliing and its ydrochloride, 
C..H,,0N, 4-5-Diethylamino-c-methylbutylamino-6-methoxyquinaldine, and ite dih faedecohloet 1553. 
C.oH,,ON, 4-p-Anisidino-6-8-dieth laminoethylamino-2-methyl-5-ethylpyrimidine, 1361. 
CoH Nh . i -Chloro-4-p- Ganutinet- ay-bisdiethylaminoisopropylamino-1:3: B-triazine, and its hydro- 
oride, 15 
sCl 2-Amino-4-p-chloroanilino-6-ay-bisdiethylaminoisopropylamino-1:3:5-triazine, 159. 


20 IV 


C..H,,0,NCl, 3:6-Dichlorocarbazole-9-phthalolylic acid, 939. 
C.oH,;0 1-Bromo-2-naphthaleneazo-f-naphthol, 1391. 
Onn onel ner a. renee as ever eve 8. 
4 ee roanilino-4-phenoxyquinazoline, 780. 
OH ONS, eth vithio-4-phen yithiarole-5-azo-B-naphthol, 1604. 
a8 2-m-Methoxypheny]-8-naphthopyrylium chloride, 348. 
C,H, .N,C1,Br, re et -bromophenylpyrrole)azamethin dihydrochloride, 1200. 
oro-3-nitro-4:5-dimethyltriphenylamine, 913. 
C,H 08,01 7-Amino-9-o-nitrophen — -10-methylphenanthridinium chloride, 73. 
7-Amino- 


-p-nitrophenyl-10-methy: t enenthehiiaden chloride, 73. 

enn oy a-Anilinophenylacet-p-chloroanilide, 1044. 

CyoH,,0,N,Cl, Bis-2-(5-hydroxypheny yrrole)azamet ethin dihydrochlorides, 1200. 
Croll s,0.N282 4-Amino-2’-N-benzen shonyleacbamyl-S-acthyifigheny! sulphide, and its perchlorate, 

4-Meth, PB Baiph -N. hanilylvenilt Vi pheyplamtiioe G7 sulphide, 1232. 
On ows Ivanill henyla: 
y. yhowh ayl-p-methyleulphonylben ibenseyaidinium benzenesulphonate, 394. 

oon 8 6- and 7- ro-4-p-dimethylamin /-1-ethylcinnoliniam iodides, 811. 
C.oH,,0,NBr 3-Bromo-4:5-di-tert.-butylnapht 746. 


CyoH,,0,N.8 9-Tetra-acetyl-d-mannopyranosido-2-methylthioadenine, 357. 

C.oH.,0,NCl Methyl-n-propylaminoeth — benzilate hydrochloride, 60. 

Cool OAN Trimeth Toye hydroxyeth y mmonium iodide tere om me I 180. 

C.9H,,ON,Cl 2-3-Diethylamino-a-methylbutylamino-4-p-chlorophenoxy-6- mom 789. 

4-5. Diethylamino-a-methylbutylamino-2-p-chlorophenoxy-6-met hylpyrimidine, 788 
83 





20 IV—21 I Formula Index. 


C,.H2,0,Br8S 
CooBlael, CIS 2-8-Diethylamino-a-methylbutylamino-4-p-chlorophenylthio-6-methylpyrimidine, 788. 


0,.8,,0.8 


On ON Dl 3:4-Dimethyl-5-carbethoxymethyl-2-thiazolenyl-4-quinolylmethane methiodide, 1403. 
perc orate, 1442. 


C,,H,, 1:1:2-Triphenylpropylene, 437. 


H,,N, 3-Cyano-9-p-cyano eas, 86. 


0,,H,.N, 6 ethyl-1:2:3:4- 
C,,H,,0, 10-Acetory-6-methyl- 2-benzanthracene, 765. | 
C,,H,,0, 1-p-Toluoylnaphthalene-2-carboxylic acid acetoxy-lactone, 765. | 
CayHi0. 2-(2’-Methoxybenzoy])-l-naphthoic acetoxy-lactone, 943. 


0,,H,,N, 7-Anilino-4-phenyl-2-methy]-1:8-naphthyridine, 1410. 
C,.H..N, 3-Amidino-9-p-amidinophenylphenanthridine, dihydrochloride, 87. 
C,,H,,0 2’ Boe oe ig 10-dimethyl-1:2-benzanthracene, 942. . 
C,,H,,0, 2’-Methoxy-9:10-dimethyl-1:2-benzanthracene oxide, 942. 
C,H a. ——— -1:2- fe ener nee + “gy 

154193 -Di-p-aminostyrylp e, 561 | 
C,,H,.0 (+)+dl-1:1: :2Triphenylr 


C..H..0, 1-(0-Tolyl)-1:4-dih naphthaquinol diacetate, 1094. 


C,,H,,0, Javanicin leucoanhydrotriacetate, 1027. : 
C,,H,,As Phenyl-p-tolyl-p-et ylphenylarsine, and its hydroxy-picrate, 509. | 


iH.0 4 of “4: 5:6-Dibenzc 
MON 

Gh BON 2 Phony barbenbletl’s 2’:5:6) lium hydroxide, salts, 349. 

C,H .0.N 3 7-Acetamido-9-p-nitrophen aaah 

wien 4: 6-Trimothyione-10: 1l- ee et 657. 

H,,.ON, 2-AmineS methory 1 2:7:8-dibenzocarbazo ~ ydrochloride, 78. 


es 


C,.H,,0,N, 5:6-Di ~ -3: 5-dien-2-one 2:4-dinitrophenylhydrazone, 749. 
C,,H,,0 *». Pheny/-3-p-mothoryphenylndol, 1044, 
Oo ON, ¢Amidguimino-b-phe 616 


C,,H 140,Ne Jauteiah mono-2:4-dinitro trophenyitydrazon, 1028. , 
C,,H,,0,N . Se pa at thylurethane, 1096. 


C,,H,,0N. 1:3:3- seri ean 


C,,H,,0, tae O-2:4; rid, and ite benzo hexovanillylamide, 615. 
mm 2: 27 Sieenenanare a 10. enneeeneatation, salts, 72. 
Seamer ee te -hexovanilly. es, 615 
Cron Dibenzoy Pee pe 1398. 
h p BN d-dr- bay a-naphthylurethane, 1579. 
nS Op Nisobenso -tert.-butylnaphtha-N-methylimide, 745. 


ce 0.8 Nitrous! -N-hexovanill le, 615. 
CO 4-B-Diethylaminoethylamino-2-phenoxyquinoline, 909. 
1784 





2’(or 5’)-Bromo-5-ethoxy-3’:4’-di-tert. te a 1;7’-thionaphthenacenaphthenylindigo, 746. 


‘Diethylamino-a-methylbutylamino-?p-chlorophonylthto--methylpyvimidine, 788. 
Dieth ee Ithio-2-methylpyrimidine, 789. 
's, 4-Methy]-2-(w-sulphanilamidodecy])thiazole, 1377. 


20V 


301,8, [Bis-2-(3-ethyl-A?-thiazoline)][af’-dimethin-2’-(3’-ethyl-A*’-thiazoline)]}trimethinoyanine di- 
C,, Group. 


21 0 


enanthridine, 86 


« -cyanophenyl So ~ ne | 
phenazine, | 


hyl 1’:5-dimethoxy-3:4-benzfluorenone-1-carbo late, 226. 





propan-l-ol, 437. 
’-Methoxy-9:10-dihydroxy-9:10-dimethy]-9:10-dihydro-1:2-benzanthracene, 942. 


4 2-(4-Diethylamino-1-methylbutylamino)-p-phenanthroline, tris-3:5-dinitrobenzoate, 1661. 
21 I | 


C,,H,,0.N, . Cyano-5-phenoxy-7-methoxyacridine, 639. 


,0,N, 3-Nitro-6-methoxy-1:2:7:8-dibenzocarbazole, 78. 
om Demrtag 9 :3:5-trien-7-one 2: genta ea iacenaaaae 749. 
Sedeos 16 -p-chloropheny: lonitrile, 642. 
-10-anthraldehyde anil, 978. 


enanthridine, 72. 
itro-1’- and -4’-methoxy-1:2’- and 1:1’-azonaphthalenes, 78. 


and its dipicrate, 657. 


1: :2:3:4-tebrahydroisophosphinolinjum bromide, 1640. 
Phen p-methoxybenzy! ketone Hone hy droinde 1044. 
ne)dihydroindole, 1630. 


ee -hexovuanillylamide, 615. 











Formula Index. 21 MI—22 10 


C.,H,,0,N Piperidinoethyl benzilate, 60. 
C,,H, O-Benzoyl-N -hexovanillylamide, 615. 
. s Citrylidenecrotonaldehyde 2:4-dinitrophenylsemicarbazone, 1390. 
N,Cl 4-p- pounaiiins 2-6 dithalaninedingtamesenindinn, and its dihydriodide, 905. 
NCl ne Set 1363. 
C,,H,.N,Cl, 2:4-Di-p-chloroanilino-6- pos om mg Faieaalammmaans ihydrochloride, 159. 
C,,H,,0,N, NN’-2:4-Dibenzamido-2:3-dimethylpentane, 1491. 
C,,H,,0,,N, Methyl 1-tetra-acetyl-d-glucosidoglyoxaline-4:5-dicarboxylate, 380. 
y-Dimethylamino-ff-dimethylpropyl benzilate, 60. 
0, HON, | 4-(8’-Methoxy-6’-quinolylamino)-2-8-diethylaminoethylamino-6-methylpyrimidine, and its tri- 
h oride, 1619. 
Gi HOey 1:3-(pp’-Bisacetamidomethyldiphenoxy)propane, 1454. 
Hi; 3-B-Diethylaminoethylamino-4’-methoxy-4:5-dimethyldiphenylamine, 914. 
C,,H..N Ol 4-p-Chloroanilino-6-3-diethylamino-a-methylbutylamino-2:5-dimethylpyrimidine, 1359. 
C,,H,,0,N Nonoxynonylurethane, 967. 


21 IV 
C,,H,,0,, 2:4:6:8-Tetranitro-1:5-di-m-nitrobenzenesulphonamide, 81. 
C,,H, Ethyl 4-chloro-2-phthalimidobenzoylacetoacetate, 235. 
C,,H, 2-Benzylmethylaminothioxanthone, 1233. 
C,,H,,0,NC1l p-Chlorostyrylmethylcarbinyl-a-naphthylurethane, 1095. 
C,H; A a me a saw so nt ———— lurethane, 1095. 
C,,H, p-Fluorost ethylcarbinyl-a-naphthylurethane, 1095. 
C,,H, a-p-Toluidinophenylacet-p-chloroanilide, 1044. 
C,,H, 4-Benzylmethylamino-2’-carboxydiphenyl sulphide, 1232. 
Gre MB, 4-Benzylmethylamino-2’-carboxydiphenyl sulphide 3-sulphonic acid, 1233. 
C, 2-Phenyl-2-p-bromopheny]-1:2:3:4-tetrahydrotsophosphinolinium hydroxide, salts of, 1641. 
2- + ies dro: enyl-1:2:3:4-tetrahydroisophosphinolinium bromide, 1641. 


C., 8, 4-Di ylamino-2’-N-benzenesulphonylcarbamyldipheny] sulphide, 1231. 
4-Ethylamino-2’-N-benzenesulphonylcarbamyldipheny] sulphide, 1232. 
C,,H,,0,CL,S8b Trianisylstibine dichlorides, 1570. 
C,,H,,0,Br, PR ee ge dibromides, 1570. 
nis 


C,, HL; ibine di-iodides, 1570. 
Cc, Dibenzyl N-methylanilinophosphonate, 677. 
Di 1 p-toluidinophosphonate, 677. 


CR ea A ee Ipentane, 1516. 


Ca; 28 4-Methyl-2-(w-benzamidodecy))t le, 1377. 

C,,H,,0N,8 2-8-Diethylamino-a-methylbutylamino-4-p-methoxyphenylthio-6-methylpyrimidine, 788. 
21V 

C.,H,,N.C1LIS, Bis-2-(5-chloro-3-ethylbenzthiazole)trimethincyanine iodide, 957. 

C,.H,, 1:2:5:6-Dibenzanthracene, crystal structure of, 1001. 
22 


Conn BB _Diphenglep telyorp: tele. 6 

2 -Diphenyl-a-p- oni 642. 

C,,H,,0, Bp-Diphenyla salhonnile acid, 642. 

C,,H,,0, yl ‘5-dim ethoxy-1-phenylnaphthalene-2:3-dicarboxylate, 226. 

C,.H,,0, 6:7-Dimethoxy-1-veratryl-2-methy]-1:2-dihydronaphthalene-3-carborylic acid, 951. 

C.,H,,0, 5:6-Dimethoxy-3-veratryl-2-methyl-l-ethylindene, 951. 

C,,H,,0, 6:7-Dimethoxy-1-veratryl-2-methyl-1:2:3:4-tetrahydronaphthalene-3-carboxylic acid, 951. 
e reese tg EE ng be oo teeny 951. 

2:3:6:7-Tetramethoxy-9:10-diethyl-9:10 oe 950. 

Cone Dihydromyrcene bis(pheny] sulphide), 40. 

¢ 2:4-Bis-(y-diethylaminopropylamino)quinazoline, and its tripicrate, 777. 


22 I 
C,,H,,ON, 7-Cyano-9-p-cyanophenyl-10-methylphenanthridinium hydroxide, salts, 87. 
Outs 7-Acetamido-9-o-nitrophenylphenanthridine, 73. 
B-Phen oo ne Pree ee 643. 


— cis- an -ap- yl--p-anisy lo 643. 
2-Methoxy-1-naphthylmethy a-naphthylamine, 1047. 
0.8 ON Rom amt 9 ES paper me 1047. 

170,N 5-Phenylpent-2-en-4-yn-t dene seer mea 1685. 
C,,H,,0,N 3-0-4’. yloxy-3’-met ae indole, 1695. 
CagH, 0,8, 7-Carbethoxyamino-9-o-nitrop 


0-9 Iphenant: 72 
C.,.H,,0 MN; SMiteo 1:6 timethoe nes pahdinamanedeaahitel, 354. 
s 2-(2':4’-Di sleeninal , inone-3-acetanilide, 
1. xy-3-(2’:4’-dinitrophenyl)-3: drophthalazine-4-acetanilide, 833 
C,.H,,N,Cl, 2:4-Di-p-chloroanilino-3-methylquinoline, 908. 
C,,H,,0,N, af-Bis-6-meth uinolyl(4)eth: 1686 
C,,H,,0,N, ic8- Dilenethen.yaiephdhalehenned anakaheh 


354. 
C,.H,.0,N, eee methosulphate, 73. 





22 I—23 I Formula Index. 


C.,H,,ON af-Diphenyl-8-p-tolylacrylamide, 642. 

-Diphenyl-a-p-tolylacrylamide, 642. 

2-Phenyl-3- Fea ocean Dink -methylindole, 1044. 

Cull Oak, cie- and trans- iphenyl]-f-p-anisylacrylamides, 643. 
CoO sb 10-p Uasbethonyphearh methylphenoxstibine, 8. 
C..H,,0O,N Phenyl a-(o-carbox eee aaa ketone, 1044. 
CrsHisONs 2-o-Nitrobenzami olsen wens ome 4 gama 73. 

2-p-Nitrobenzamido-4’-carbethoxyaminodiphenyl, 72 
sCl 7-Amidino-9-p-amidinophenyl-10-methylphenanthridinium chloride, and its dihydrochloride, 87. 

C,,H,,0,.N Methylstyrylmethylcarbinylnaphthylurethanes, 1094. 
C,.H,,0,N a ee Ae a a gree mg 1096. 

iN,Cl, Bis-2 (5-p-tolylpyrro e)azamethin dihydrochloride, 1200. 
C.2H,;0,N 1:3:3-Trimethyl-2-(3’-m-methoxybenzoylall ylidene)dihy droindole, 1630. 
Conon 1:1:1-Trichloro-2:2-di-(4-w-carbethoxymethoxyphenyl)ethane, 849. 

C,,H,,0,N, 3-Nitro-4-piperidino-1:2-diphenyl-n-butylceyanide, 1508. 
CayHasO.Ns 1:1-Di(benzamidomethyl)cyclohexane, 1519. 

nzoyl derivative of a-ethyl-a-n-butylacetamidine, 741. 
C.sH,,0,N, §8-N-(b)-Hydroxymethyldihydroneostrychnine, 1559. 
7-Chloro-2-p- chloroanilino-4-y-diethylaminopropylaminoquinoline, 908. 
C,.H,,0,N 2-Dimethylaminocyclohexy] benzilate, and its salts, 167. 
Con NG 2-p-Chloroanilino-4-y- segtnninopenapieatnegniotins, and its dihydrochloride, 905. 
2-Amino-4-p-chloroanilino-6-diethylaminoethylamino-5-phenylpyrimidine, 1363. 
2- "Te hloccsbenrlonchiin 4-B- diethylaminoethylaminoquinoline, 909 
ope 2-Acetamido-3:4-di-tert.-butylacenaphthene, 744. 
ON 4-Diethylamino-2-buty] benzilate, and its salts, 166. 

C.,3H,,0,N 2-Keto-1-8-diethylamino-1 -B-carbethoxyisopropyl- -1:2:3:4-tetrahydronaphthalene, 400. 


22 IV 


C.:H,,0,,N,8, 2:4:6:8-Tetranitro-l: ee re 81. 
C.3H,,ONC1 -Phenyl-f-p-chlorophenyl-a-p-tolylacry. 
Oo ON AS 3- im Net i oe “re e ethiodide, 1654. 
2-Hydroxynaphthalene-1-azo-p- -pheny|bis-2-cyanoethylaraine, 621. 
CneOR-CL 7-Acetamido-9-0-aminophenyl-10-methylphenanthridinium chloride, 73. 
3Cl, Bis-2-(5- Rv omen | ew aS YR dihydrochlorides, 1200. 
Oath, 4:6-Bis-p-acetamidophenylsulphonyl-2 eect eee 55. 
ae BrP Phenyl-p-bromopheny]l-2- Pomme 2 ek enyl)eth aan 1640. 
One ONCl Dimethylamtnoeyeteh ’-N SMW so carbamyldiphenyl sulphide, 1232. 
Ganet 2-Dim laminocyclohexyldiphenylchloroacetate, hydrochloride, 167. 
Sp Unlocophensittioucite £ B-diethylaminoethylaminoquinoline, 909. 
Ot ONC 4-Diethylamino-2-butyl diphenylchloroacetate, hydrochloride, 166. 
CagHlsoN CIS 2-y-Di-n-butylaminopropylamino-4-p-chlorophenylthio-6-methylpyrimidine, and its dipicrate, 


¢,,H.,0,8,8, 4-Methyl-2-(w-acetylsulphanilamidodecy])thiazole, 1377. 
C..H;,0,N,8 N-(p-Aminobenzenesulphony])-a-ethyl-a-n-butyl-a-sec.-octylacetamidine, 742. 


C,, Group. 


C,;H,,8 9-a-Naphthylthioxanthen, 999. 
180; 9:10-Dihydroxyphenanthrene 2:4-dimethoxyphenylhydroxymethylene ether, 1000. 
180, w-Methoxy-2:4-dibenzoylresacetophenone, 1683. 

CysH,,0, 2’:9:10-Trimethoxy-9:10-dimethy Lo: :10-dihydro-1:2-benzanthracene, 942. 

C1sHy:0, Ethyl] a-(2-methoxy-3:5- anthgtnamnyifeatens- By-tricarboxylate, 538. 


23 III 
C,;H,,08 ee eee, 999. 
CoH, 4’-Nitro-1:2’-dimethoxy-3-pheny]-4-(2”:4’’-dinitrobenzylidene)-3:4-dihydrophthalazine, 467. 
cis- and trans-aB-Dipheny]-B-3:4-dimethoxyphenylacrylonitriles, 643. 

ar aoe 1-a8-di-p-anisylacrylonitrile, 643. 

10 'N, Pe ere ene 9-p-nitrophenyl- Yea salts, 72. 

2:4-Di-p-chloroanilino-3-ethylquinoline, 909. 
C1sH,,0.N; 7-Carbethoxyamino-9-o-nitrophenyl-10-methylphenanthridine, methosulphate, 73. 
C,,H, oN. 2:4-Dithio-5-phenyl-1:3-dibenzylhydantoin, a its hydrochloride, 1607. 
C,,H,,0,N a-f8-Diphenyl-f-3:4-dimethoxyphenylacrylamide, 643 
OH NG Phenyl-af-di-p-anisylacrylamide, 643. 
its 2:8-Dichloro-5- Pa e+ wer Soe 3:4:2’:3’-pyridoacridine, 680. 
oro-5-(y-diethylaminopropylamino)-3:4:2’:3’-pyrid e, 680. 
a 1-p-anisyl-2- 10 tactbenpmatngtabenltnatatomaaats 1641. 
Co Nl oro-5-(y-diethylamino prop lamino)-3:4:2’ a 680. 
C.3H,,0,N, pics trey preparation o aa its methosulphate, 80 
C.3H,,0,N, neoBrucine N-oxide, 80. 
C,,H,,0,N Oxodihydromethoxymethyldihydroneostrychnine, 
cl 4 4-p-Chloroanilino-6 Piety laminoehy nino: pheny:2-methylpyrimiine, 1361. 

C.3H,,0,N a- an ai -4-Benzilyloxy-1:2:2: ee mera Me 
Cys3HyN,Cl 2-p-Chloroanilino-4-y-diethylaminopropy: mino-8-methyl uinoline, perchlorate, 908. 


2-Amino-4-p-chloroanilino-6-diethylaminopropylamino-5-phenylpyrimidine, 1363. 
2-p-C ioc alaminoiacrconriatne Sedereenete 1908" 909. 
0. Dibenzoylaminoisopropylamino-2-methylpentane, 1398. 
C,H, ,0.N, 1:5-(pp eee et, 8 til 1454. 
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Formula Index. 23 II—24 IV 


4’-Chloro-3-(§-diethylamino-a-methy]-n-butylamino)-4:5-dimethyldiphenylamine, 913. 
Coed a, NN’-Di-(2-ethoxyethyl)ethylenediamine- N -carboxy(ethy]-2-ethoxyethyl)amide-N’-carboxy- 
pi 318. 


23 IV 


C,,H,,0,N,Cl Bis-3-(2-methoxy-5-phenylpyrrole)methin hydrochloride, 1195. 
C,H; -Chloroanilino-4:6-di-p-anisidino-1:3:5-triazine, hydrochloride, 160. 
C,:H,,0,N,8, 6- itro-2-8-anilinovinylbenzthiazole metho-p-toluenesulphonate, 957. 
C,,H,,0,N,8 7-Acetamido-9-p-nitrophenyl-10-methylphenanthridinium methosulphate, 72. 
Ce ROLES, Diphenylmethy]-2-cyano-n-propylarsonium picrate, 622. 
Bis-2-(5-chloro-3-et aibcaiidaaalaeentumidaapentiae iodide, 1443 

Oty ,N 7- Carbethoxyamino-9-0-aminopheny]-10-methylphenanthridinium chloride, 73. 

hoxyamino-9-p-aminophenyl-10-methylphenanthridinium chloride, 73. 

CroHanO.ErE 2-Phenyl-2-p-acetoxypheny]-1:2:3:4-tetrahydroisophosphinolinium bromide, 1641. 


NS 7- Sg a a ya tae eee me omy methosulphate, 73. 
oR ONS N Pcuhatkent do dunstnete ne mee lamidine, 617 
C.9H,.0.N oon na aa — ylcinnolinium iodide, 811. 
C.sH,N 2p Chlorop schihiountho-4-y-aietbylamin propylaminoguinoline, 909. 


: N.S 42-7 Dis-batylaminopropylamino-4-p-methoxyphenylthio-6-methylpyrimidine, and its di- 
picrate, 7 


23 V 
C,,H,,OBrIP Phenyl-p-bromopheny]-2-(0-methoxymethylphenyl)ethylphosphine methiodide, 1640. 


C,, Group. 


C,,H,,0, Deca-2:8-dien-4: 2 te a sa 10-diyl dibenzoate, 1589 

CHO, 9:10-Dihy a pee hrene cumin yihydroxy methylene ether, 1000. 
C.sH.,0, 3-Methoxy-2:3 snihouyghagiioben 169 

C,,H,,N, Tris(benzylmethy ware methiodide, ts. 

C,,H,,0, Diacetyl ic acid, 950. 

C.,H.,0, Diacetyl di ydroguaiaretic acid, 950. 

©,,Hy.0, 3(8):6(8)-Dihydroxycholanic acid, 814. 


24 Il 
Cul yN 8, Azamethin[2-(4-phenylthiazole)][2-(3:4-diphenyl-2:3-dihydrothiazole)], and its dihydrobromide, 


0,.H, SOM, 3:3’-Dinitro-4:4’-diacetamido-1:1’-dinaphthyl, 1573. 
4:4 -Dinitro-1:1’-diacetamido-1:1’-dinaphth, 1, 1574. 
0, 3,0 « Deca-4: oom diol bis-3:5-di benzoate, 1582. 
Phenyl- * ane y A agg nt ee ey aa 
C,H, 4-(3’:5’- cont ’;4’-dienylidene)-1:4-dihydropyridine, 1629. 
CON, 3-Ethyl]-2 2-dianilowop ropylidenebenzoxazoline, 1441. 
0,,H,,0,N a-p-Tolyl-f abpealel crylonitrile, 643. 
C,,H,,0,N 3- eBtngh 2. ylacetamido)-4:5-benzocoumaran, 1047. 
2-dianiloisopropylidenebenzselenazoline, 1439. 
C,,H,,0,N, 3: 3’-Diamino-4: 4’-diacetamido-1:1’- a and its dihydrochloride, 1674. 
TON, o/-Phibetims Phtintimidopropy eeeepeappiennin O diettianpigntentinn, tigtedt 
~y-aminopropylamino-6-metho oline, romide, 1336. 
48D T-o-phenetyleti ine, 1569. i . 
C,,HN,Cl 8-Chloro-2-methyl-5-(y-diethylaminopropylamino)-3:4:2’:3’-pyridoacridine, 681. 
Cl Chio “y i opropylamino.5-phenyl-2:methylpyrimidine, 1361. 
we Dieth 4- mS weet agen pg e, 60. 
hylaminocyclohexyl benzilate, and its salts, 167. 
3-8-Diethylamino-a-methyl-n-butylamino-4’-methoxy-4:5-dimethyldiphenylamine, 914 
CntOal Phthalocetylimide, 199. 
C,,H;,0,N, 3(8):6(8)-Diacetoxywtiocholan-17-one semicarbasone, 814. 


Pou 


on” ou 2: 4:5:7-Tetranitro- 1:8-di ip hchcnaaieljadiasdionaghtioeioen, 81. 
2:4:6:8-Tetranitro-1:5-di-p-toluenesulphonamidonaphthalene, 81. 
tno 28, Bistoluene-p-sulphonyl-6-nitro-2-naphthylamine, 330. 
istoluene-p-sulphonyl-7-nitro-2-naphthylamine, 330. 
0,,HysN, C18 5-Chloro-3-ethyl-2 Py lidenebenzthiazoline, 1439. 
C,,H,,0,N. 2:4; | Tele p meathylocghaa tie enyl-1:3:5-triazine, 1113. 
7-Acetamido-9-o0-2cetamidophenyl-10-methylphenanthridinium chloride, 74. 
Dibenzyl p- eR eee WE IEE 677. 
C,,H,,0. gt ydroxyphenylcinnoline diethiodide, 1655. 
C,,H,,0 Bis-2-(5-3:4-dimethoxyphenylpyrrole)azamethin dihydrochloride, 1200. 
0,C1,Sb Tri-o-phenetylstibine dichloride, 1570. 
C,,H,,0,Br. Tri-o-phenetyistibine dibromide, 1670. 
C,,H., peastpaniey anstgs Stem di-iodide, 1570. 
C,,H,.0 Phen emery eS oe nem 5 re hun fare tee e a 1641, 


C,,H,,0,NCl 2 De demas la : 
Onn O NS N- ig dante minooptoeryl phonglhchyt amb Fee mary ron toe 742. 








24 V—27 IV Formula Index. 


av 


C,,H,,0CIBrP 2-p-Tolyl- aes -chlorophenacy]-1:2:3:4-tetrahydroisophos ote bromide, 1639. 
Dichlorodi-(p-chlorophenylbis-2-cyanethylarsine)palladium, 621 
Cs <Ha cM Cl, As,Pd Dishlooeditphengthis S-qpeneciingtandineigaliadiom, 621. 


C,, Group. 
C,;H,,N, 2:8-Bis(phenylamino)acridine, hydrochloride, 247. 
C,,H,,N, a-Phenyl-ff’-bis- tp dianetliginadinauhenghaeryentietie, 643. 
C..H,,0, a-Monobrassidin, 558. 
a-Monoerucin, 558. 


C,,H,,0. 2-Benzidino-2- Po Fem me mene ag :3-dione, 130. 
OR * 3:5-Diphenyl- 2-(2’-benzoylviny )pyrrole, 1631. 

bed ot Dibenzoyl-1’-methylpenta-2’:4’-dienylidene)-1:4-dihydropyridine, 1629. 
OH ON 6-Tribenzyloxypyrimidine, 730. 

* tp dunghen-4ibelanesainns iodide, 508. 
a 3- Ce ee wee a 653. 

CON, "2: 7-Dicarbethoxyamino-9-phenylphenanthridine, and its mesosulphate, 71. 
C,;H,,0,N Phenyl J N-methylmesidino-p-methoxy benzyl ketone, 1044. 
C,,H.,0,N y-Dimethylaminoethyl-a-phenylpropyl benzilate, and its methochloride, 168. 
C,;H,,0.N, 4-y-Diethylaminopropylamino-2:6- dibenzyloxypyrimidine, and its dipicrate, 731. 
C,;H,,0,N Ricinoleovanillylamide, 614. 


25 IV 


C, .H,, ON. B-p-Chlorobenzoylpropionitrile phenylhydrazone, 1193. 

C,.H,,0. 7-Acetamido-9-p-carbethoxyaminopheny]l-10-methylphenanthridinium chloride, 73. 
7-Carbethoxyamino-9-0-acetamidopheny]-10-methylphenanthridinium chloride, 73. 
7-Carbethoxyamino-9-p-acetamidophenyl-10-methylphenanthridinium chloride, 73. 

C,;H.,;0,N,Cl Bis-3-(2-ethoxy-5-phenylpyrrole)methin hydrochloride, 1195. 


25 V 


C.,H,,CIBrIAs Phenyl-p-tolyl-p-chlorophenyl-p-bromophenylarsonium iodide, 511. 
C.;H,,0CIBrAs Phenyl-p-tolyl-p-chlorophenyl-p-bromoarsonium hydroxide, salts, 511. 


C,, Group. 
C..H,,0, 9:10-Dihydroxyphenanthrene spylidene 1.2. aad -1-4-dihydroquinclines ether, 1000. 


C,.H..N, 1-Ethyl-2- and -4-dianiloisopropylidene-1:2- and -1:4-dihydroquinolines, 1440. 
C..H,,0, 10:15-Dimethyltetracosa-11:13-diyne-10:15-diol, 1583. 


C..H.,0,N 4-(3’:5’-Di-m-methoxybenzoylpenta-2’:4’-dienylidene)-1:4-dihydropyridine, 1629. 
CH, ,1As Triphenyl-p-ethylphenylarsonium iodide, 508. 
C,,.H.,0,N 2-Hydroxy-2-anisyl-2: :3-dihydroreteneoxazole, 653. 
C.eH,,0,;N, 2’(or 5’)-Nitro-9’-keto-3’:4’-di-tert.-butyl-8’-azaphenalino(7’:8’:2:3)--indole, 745. 
C.eH.,0,N, 3-Nitro-4:5-di-tert.-butylnaphthalic 2:4-dinitrophenylhydrazide, 745. 

01 2-p-Chloroanilino-4-y-dieth 


C,.H,.0.N, $1 teierra mino-2:6-dibenzyloxy-5-methylpyrimidine, and its tripicrate, 731. 


C..H;.N. 7. 4-p-Chloroanilino-2-y-di-n-butylaminopropylaminoquinoline, and its dihydriodide, 90. 
C.¢H;,0. 1:12-Dodecamethylenedi-O-benzamidoxime, 968. 

* Chaulmoogrovani ylamide, 615. 
C,,H,,0.N Oleovanillylamide, 614. , 


26 IV 


C.,H,,0: Con One 3:7:3':7’-Tetrachloro-2:8:2’:8’-tetra-amino-5:10-dihydrodiacridy] 5:5’-ether, 249. 
Cx.H,,0 ea Te Dithiobenzo-p-nitroanilide, 1234. 
Phen aoa -m-toly|-p-chlorophenylarsonium iodide, 509. 
oon ORE 2’(or 754 Bromo.’ -keto-3’:4’-di-tert.-butyl-8’-azaphenalino(7’:8’:2:3)--indole, 746. 
Bis-2-(3-et Fee Me eR amethincyanine iodides, 962. 
C.,H,.N,I8e, Bis-2-(3-ethylben le)-y-methylheptamethincyanine iodide, 962. 


2V 
C,,.H.,CIBrIAs Pheny]-4-o0-xylyl-p-chlorophenyl-p-bromophenylarsonium iodide, 512. 
C,,H,,0CIBrAs Phenyl-4-0-xylyl-p-chlorophenyl-p-bromophenylarsonium hydroxide, salts, 512. 





C,, Group. 
C.,H,,N Tri-n-nonylamine, and its oxalate, 200. 


27 IV 


C,,H,,0,N,8, 4-Benzylmethylamino-2’-N -bonsoneesip pena inhemgitighony! sulphide, 1232. 
Gril. m-Tolyldi-p-tolyl-p-chlorophenylarsonium iodide, 
C,,H, 0AM Bis-3(2-cthoxy -5-pheny]pyrrole)trimethin Sydevchloride, 1196. 
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Formula Index. 


C,,H,,0. Bis-3-(2-ethoxy-5-4’-methoxyphenylpyrrole)methin hydrochloride, 1195. 
C,,H.N. Bis-2-(3-ethylbenzthiazo: nzthiazole)dimethylhepta methinoyanine iodides, 962. 
ar 3-ethylbenzselenazole). 98 dimethsthopeasothinoyanine iodide, 962. 
/datemaiten adenosine-5’-di 
Cy,H,,0,AsI Phonplmothlbis-3. eaaybetypetaginastiae ot iodide, 624. 







C,, Group. 
C..H,,0, Substance, from wager ars mage and diphenylketen, 999. 
C..H,.0; onentabeheuntte anhydride, 123. 

Cs,H»0. Disdnaclinten, dimer, 175. 














CoH BC, Bis-2-(5-p-chloro wee mae a dihydrochloride, 1200. 

C..H,N we os et pyrrole)azamethin dihydrochlorides, 1200. 

Gon" O hyl-2-dianiloisopropylidene-6:7-benzbenzthiazoline, 1439. 
ye a methyl-2-stilbazoles, 1699 

Coe O By ewe oe oxime, 968 


2-Amino-3:4-di-tert. tylacenaphthenephthalanil, 744, 
OH On 3:4-Ditosyl tetra-acetyl mannitol, 1404 ° 
C..H,,0, Coprostan-6(f)-ol-3 -one hae we the 814. 
28 IV 


C.,.H,,0,N,8, Dithiobenzo-p-toluidide, 1234. 
C,,H,,0,Br8 2’(or 5’)-Bromo-3’:4’-di-tert. aye whe :7’-thionaphthenacenaphthenylindigo, 746. 
C.,H.;0,N,P 3’;5’-Benzylidene uridine-2’ diphenyl phosphate, 340. 









C,, Group. 
C..H,,0, Substance, from phenanthraquinone and methyleneanthrone, 998. 
130, Substance, from phenanthraquinone and benzylidenephthalide, 998. 
Dibenzoyl javanicin, 1027. é 
C..H;.0, 6(8)-Acetoxycoprostan-3(8)-ol, 814. 
29 I 
C.,H,,ON, 4:4’-Dibenzylideneaminochalkone, 1419. 
GoeON, pp’ -Bisbenzamidomethyldiphenylmethane, 1454. 


1: 113, Bis- (N-phenyl-4-amidinophenoxy)propane, and its salts, 1116. 
Cae O. Oxodihydromet cinyunthyliiaptrensttiayeebtine, 1555. 


29 Vv 


Crs _ ETT) 5-Chloro-3-methyl-2’(or 5’)-bromo-3’:4’-di-tert.- butyl-1:7’-thionaphthenacenaphtheny]- 
0, 746. 


















C,, Group. 
CzoN,, Lanostatrienes, 1470. 
CsoH,. a- and £-Lanostadienes, 1470. 
Squalene, reaction of sulphur with, 1546. 
30 
CyoH,N, Tetrakis- eee, 83. 
8b ine, 1570 
CsoH,,0, 7-H. droxy 2’: 4-dibensoyloxy-$-methoxyaven, I 1684. 
CsoH..N, 1:5- aphthalencbisazo-nephthylamine, 81 





30 I 
CyoH,,0,N, 1:5-Naphthalenebisazo-f-naphthol, 81. 

cam | 7-Hydroxy-2’: a chloride, 1684. 
ac * 2-Amino-3:4-di-tert, -butylacenaphthazo-f-naphthol, 744. 


30 IV 


Sh Ethy]-2-(3’:5’-di-m-methoxy benzo aia nta-2’:4’-dienylidene)benzthiazoline, 1631. 
NN’  Dibeorayl ls :2-bistoluene-p- onamidoethane, 504. 












C,, Group. 
Cay.  2-(2’:3’-Dihydro-f- ? hthofuran- -2’)-2-phenyl-8 -naphthopyran, 848. 
C,H 4 2:2-Di-p-anisyl-3-methylphenanthro-9’:10’-}:4-dioxen, 999. 


$1 IV 
CIIAs Phenyl-m-tolyl-p-phenylyl-p-chlorophenylarsonium iodide, 510. 
ed tolyl-p-phenylyl-p-c —= enylarsonium iodide, 510. 
31 V 


C,,H,,0,N.I8, ee iodide, 962. 
7 > 
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$2 11—88 HI Formula Index. 


C,, Group. 
C ' Bis-2-(3:5-diphenylpyrrole)azamethin, 1200. 
CssH..0; 2-(2/:3’- Dihydro-p- hthofuran-2’)-2-p-tolyl-8-naphthopyran, 848. 
Cs3H,,0, 5:6-Diphenyl-(1’-methy]-7’-isopropylphenanthro)-9’:10’-1:4-dioxen, 999, 
C;,H,,0 Di-(5-ethyltetradec-4-en-6-yl) ether, 758. 


CssH,,0,N, Bisquindolinoyl, 610. 
CxH.,0,.N- Dimethylaminoethy] hydrogen benzilate, 60. 


32 IV 


a we ma phenylyl-p-chlorophenylarsonium iodide, 510. 
CroFtnaM Ole, [Bis -2-(3 -ethylbenzthiazole)}[af’- dimethin - 2’-(3’- ethylbenzthiazole)|trimethincyanine di- 
ori 441. 
oe ta! [Bis -2 -(3 - ethylbenzthiazole) }[af’ - dimethin - 2’ -(3’- ethylbenzthiazole) jtrimethincyanine di- 


heel [Bis-2-(3-ethylbenzselenazole)][af’-dimethin-2’- (9-ethylbensselonasole)itrimothineyenine di- 


1 


% 
32 V 


C3,H,,N,C1,1,8, [Bis-2-(5- chloro - 3- ethylbenzthiazole)}[af’-dimethin-2’-(5’-chloro-3’-ethylbenzthiazole) }tri- 
methincyanine di-iodide, 1442. 


Cs3H,,N,Cl,As,Pd Dichlorobis(diphenyl-2-cyano-n-propylarsine)palladium, 622. 


C,, Group. 
Goolin OX O-Hexylcholestenone oxime, 966. 
Cs3H,,0N 0O-Hexylcholestanone oxime, 966. 


C,, Group. 
C,,H.,0, Substance, from phenanthraquinone and 9-benzylidenexanthen, 998. 
C,,.H..0, 2-(2’:3’-Dihydro-8-naphthofuran-2’)-2-pheny]-2’:3-trimethylene-f-naphthopyran, 848. 
34 
C3,4H. 0,N, Dodeca-5:7-diyne-4:9-diol bis-a- aaghiiainetiene, 1582. 
C,,H.,0.8 Substance, from phenanthraquinone 9-benzylidenethioxanthen, 998. 
0,N, Phihalobie-fy-(6-mcthoxy-8-quincisleanincipronyliemide, and its hydrochloride, 1334. 

C,H,,0,,N Substance, from 4:6-benzylidene 2:3-anhydro a-methylmannoside ind ammonia, 20. 

, wIV 
C,,H.,0,N,8, 1:2’-Bis-(3-keto-2-2’-quinolylthionaphthen), 1577. 


C,, Group. 
CssH,,0, 2-(2’:3’-Dihydro-£-naphthofuran-2’)-2-a-naphthyl-f-naphthopyran, 848. 
35 IV 
C,,H,3N,I8, Bis-2-(3-ethyl-6:7-benzbenzthiazole)-8’-dimethylheptamethincoyanine iodide, 962. 


C,, Group. 
CsgH;,0,8b Tri-p-phenoxyphenylstibine, 1569. 
36 IV 


CyeH,,0,C1,8b Tri-p-phenoxyphenylstibine dichloride, 1570. 
Onn OLE Bs henox ayhaibie ai dibromide, 1570. 
Rca 7 enoxyp. ibine di-iodide, 1570. 


ON, Di triphenylatibine)oxide dinitrate, 667. 
Onno oie ylene bis(phenyldimethylarsonium picrate), 665. 
36 V 
C,,.H;,0,,N,ClAs, 4-Chloro-o-xylylene bis(phenyldimethy! arsonium picrate), 668 


C;,H,,0,Cl 0-5:2’:4’-Tribenzoyl-O-3-methylmorinidin chloride, 1684. 


C,, Group. 
C,,H,,0, 2-(2’:3’-Dihydro-8-naphthofuran-2’)-2-a-naphthy]-2’-:3-trimethylene-8-naphthopyran, 848. 
38 I 


C,.H..O.N, Tetraphenylethylenetetra-p-iminoethyl ether, 84. 
C,,H,,0,N, Substance, from miata titel dimer and piperidine, 176. 
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Formula Index. 
38 IV 


C,.H,,0.N l-Tubocurarine chloride, 937. 
C,.H;,0,,.N.8, Tetrakis-p-amidinophenylethylene tetraisethionate, 84. 


C,, Group. 
C39H,.0, aa’-Dielaidin, 558. 


C,, Group. 
2:2-Dixenylphenanthro-9’:10’-1:4-dioxen, 999. 
9-m-Tolylxanthyl peroxide, 1000. 
C.oH;,0 Mutachrome, pro-vitamin-A activity of, 131. 
40 IV 
C,.H,,0,N,Br, 1:1’-Dibromo-3:3’-dinaphthyl]-2:2’-bisazo-B-naphthol, 1392. 
C.oH,,0,N.I, 1-0-Methyltubocurarine iodide, 937. 


C,, Group. 
C,,H;,0, 2:2-Dixenyl-3-methylphenanthro-9’:10’-1:4-dioxen, 999. 
C,, Group. 
C,.H,,0,As, Bisphenyl-p-tolyl-p-ethylphenylarsine oxide-dihydroxide, 509. 
C,, Group 
C,,H,,N;L8, [Bis-2-(3-ethyl-6:7-benzbenzthiazole)][af’-dimethin-2’-(3’-ethyl-6’:7’- benzbenzthiazole) }tri- 
methincyanine di-iodide, 1441. 
C,, Group. 
C,;H,.0; 2-Methyl] 3:5-ditrityl methylxylofuranoside, 850. 
C,, Group. 
C.eH,,0, 2-Acetyl 3:5-ditrityl methylxylofuranoside, 850. 
46 Ii 
C,,H,,0,8, 9-a-Naphthylthioxanthyl peroxide, 1000. 
C;. Group. 
C;2H,,0,C1,As,Pd Dichlorobis(phenylbis-3-benzyloxypropylarsine)palladium, 624. 
C,, Group. 
C,.<H,,0,Cl,As.Pt Phenylbenzylbis-3-benzyloxypropylarsonium chloroplatinate, 624. 
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SYMBOLS FOR THERMODYNAMICAL AND PHYSICO- 
CHEMICAL QUANTITIES AND CONVENTIONS = RE- 
LATING TO THEIR USE, ADOPTED AS RECOMMENDED 
PRACTICE BY THE CHEMICAL SOCIETY. 


(Where two or more symbols separated by commas or semicolons are given for a 
quantity, these symbols are to be regarded as alternatives for which no pre- 
ference is expressed. On the other hand, where two symbols are separated 
by a dotted line, the former is the first preference.) 


1. To be Printed in Black Italic. 
(Certain important physical constants.) 


Faraday’s constant. 
Mechanical equivalent of heat. 
Avogadro’s number. 


fee constant per mol. 
Rydberg’s constant. 
Velocity of light in vacuo. 
Electronic charge (charge equal and opposite in sign to that of an electron). 
Acceleration due to gravity (standard value, if variation from standard is 
significant). 
Planck’s constant. 
Boltzmann’s constant. 
m Rest mass of an electron. 


sy eas 


aes 846 


2. To be Printed in Ordinary Italic, when not Greek. 
General Physics and Chemistry. 
Length . . , ; | 

mean free path of molecules ‘ , ‘ 
height . 
diameter, distance ‘ 

diameter of molecules 
radius . ; 


Mass . . 
molecular weight » 


ee yaar 


atomic weight A 
atomic number. , Z 
gram-equivalent weight . Z,J 

Time ° ‘ , ‘ , . ° t 
time interval, especially half- or mean-life T 
frequency ‘ ‘ v 

Velocity . . . ; , : , . v3 6, (u,v, w) 
of ions ‘ . ‘ ‘ R ‘ . (with subscript) 
angular ; ‘ ‘ ‘ : ‘ . @ 

Acceleration . ‘ . . » Fasat 
due to gravity (as variable) ° , , a 

Force. ‘ . , ‘ ‘ . F, (x, Y, 2) 

Moment of inertia I 

Pressure . : ‘ ° ° ° . &F 
especially osmotic . 

Volume . . ; ; : . ‘ . vw V 

Density . , ° . > . ‘ + Heacall 


Compressibility , , . ‘ ; Beech 





















Viscosity 

Fluidity . 

Surface area 

Angle of contact 

Surface tension 

Parachor 

Surface concentration eXcess 


Number of mols 
Concentration,-mol fraction 
in other terms 


22 uDY Sh OS 
% a se 


+ 
> 


Solubility 
Diffusion coefficient . 


Chemical equilibrium constant (products /eactants) 
solubility product . ‘ 

Velocity constant of chemical reaction 

Number of molecular collisions val second . 

Partition function 


Efficiency, of any process . 
Wave function 


3 vie ini) ds’ 


Heat and Thermodynamics. 


Temperature, on absolute scale, (°K) . 
on other scales 
Thermal conductivity 


Energy (general symbol) 
Work done by or on a system 
Heat entering a system 
Specific heat . , ; ° . ° 

molecular heat. : ; , ° 
Ratio of specific heats : 
Latent heat, per g. 

per mol 


Intrinsic energy ° 

Enthalpy, total heat, or heat content . 

Entropy . . 7 

Free energy (Helmholtz) ° : 

a potential, Gibbs function, free 
energy (G. N. Lewis) . 


Vapour pressure constant . 


Chemical potential 
Activity . ; 
coefficient (for molar concentration) 
Osmotic coefficient 
Van ’t Hoff’s factor . 


“RA SAE * © maa MN OPO Sty FO 


Electricity. 

Quantity of electricity 

especially electrostatic charge 
Potential (difference) , 

Volta potential ° 

electrokinetic potential . 

especially electromotive force of voltaic cells 
Potential gradient, in electric field 
Electronic exit work function . 


. . . . . 
ee 


Sem Jeo 
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Current . 

Resistance , 
specific resistance . 
specific conductance 

Inductance, self 

mutual . 

Electrostatic capacity 

Dielectric constant 


Dipole moment 


Electrochemistry. 


Degree of electrolytic dissociation 

Valency of an ion 

Ionic strength . 

Equivalent conductance ‘ , , 
equivalent ionic conductance, “ mobility ” 

Transport number : 


Single electrode potential . 


Electrolytic polarisation, overvoltage . 


Magnetism. 


Magnetic field strength 
flux . ° 
permeability 
susceptibility—volume 
mass 
moment 
induction . 


Optics. 
Wave length 
Wave number . 
Intensity of light 
Refractive index 


specific refraction . 

molecular refraction 
Molar extinction coefficient 
Angle of (optical) rotation 

specific rotation ; 
Specific magnetic rotation 





= 


FEAT RN 


SNe R 


l (with subscript) 

(with subscript) . . . 
n (with subscript) 

é (with subscript), 

E (with subscript) 


ag 





es 
H 

¢ 

pe 

K 

x 

M 

B 

A 

v 

I 

n (with subscript) 


. . . @ (with subscript) 
ry (with subscript) 
[R] (with subscript) 
€ 


a 
[) 
¢) 


3. To be Printed in Roman, when not Greek. 
(a) Examples of Mathematical Constants and Operators. 


Base of natural logarithms 
Ratio of circumference to diameter 


Differential 
partial 
Increment : 
very small increment 
Sum ‘ 
Product . 
Function 


e 


sMopwa 4 


o 
2 
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*Ampére (in sub-units) 
Volt ‘ : ‘ 

Ohm 

Watt 

Farad 

Henry 

Centigrade 

Fahrenheit 

Kelvin .. 

Angstrom unit 

micron 

metre ° . . , : 
litre , ; ‘ . , : 
R6ntgen unit . 

+Normal (concentration) 

+Molar (concentration) 


(b) Examples of single-letter abbreviations. 


RAZOR EER AMO RN ES HAP 


The following prefixes to abbreviations for the names of units should be 
used to indicate the specified multiples or sub-multiples of these units : 


M mega- 
k kilo- 

d deci- 
c centi- 
m milli- 
rv) micro- 


10® x 
10? x 
10°? x 
10? x 
103 x 
10-** x 





e.g., MQ. denotes megohm; kw., kilowatt; and yg., microgram. The use of 
pu. instead of mp. to denote 10-7 cm., or of y to denote microgram is deprecated. 
























4. Subscripts and other Modifying Signs. 
(a) Subscripts to symbols for quantities. 


ee 4 with symbols for thermodynamic functions, referring to 
different systems or different states of a system. 
referring to molecular species A, B, etc. 


A 

i referring to a typical ionic species i. 

. referring to an undissociated molecule. 

+, referring to a positive or negative ion, or to a positive or negative 
electrode. 

9,7 indicating constant pressure, volume, and temperature 
respectively. 

e : indicating adiabatic conditions. 

e indicating that no work is performed. 

p,¢,¢@ with symbol for an equilibrium .constant, indicating that it is 
expressed in terms of pressure, concentration, or activity. 

6, Vv, L,x referring to gas, vapour, liquid, and crystalline states, 
respectively. 

f, e, 8, t, 4 referring to fusion, evaporation (vaporisation of liquid), sub!im- 
ation, transition, and dissolution or dilution respectively. . 

‘. referring to the critical state or indicating a critical value. 

am referring to a standard state, or indicating limiting value at 


infinite dilution. 
* E.g. “ma.” for *“*milliampére ” ; but “‘ .” is preferred for “ ampére.”’ 
? Sesncubed by a hyphen (and no full stop) from a chemical formate rhich follows it. 
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0, D, F with symbols for optical properties, referring to a particular wave- 
length. 

Where a subscript has to be added to a symbol which already carries a 
subscript, the two subscripts may be separated by a comma or the symbol 
with the first subscript may be enclosed in parentheses with the second 
subscript outside. 

(b) Other modifying signs. 
° as right-hand superscript to symbol (particularly to a symbol for a 
general thermodynamic function—see p. 1795), referring to a 
standard state. 


[J enclosing formula of chemical substance, indicating its molar 
concentration. 

{} enclosing formula of chemical substance, indicating its molar 
activity. 


In crystallography it is recommended that : 
Millerian indices be enclosed in parentheses, () ; 
Laue indices be unenclosed ; 
Indices of a plane family be enclosed in braces, { }; 
Indices of a zone axis or line be enclosed in brackets, [ ]. 
Numerals attached to a symbol for a chemical element in various positions 
have the following meanings : 
upper left |§ mass number of atom. 
lower left nuclear charge of atom. 
lower right number of atoms in molecule. 
é.g., 3Li; TH, (= D,). 


ALPHABETICAL INDEX OF RECOMMENDED SYMBOLS, 
and single-letter abbreviations. 


including all those given in the above lists except prefixes, subscripts and 
other modifying signs. 


The name of any quantity for which a given symbol is a second preference 
is printed in parentheses. ° 


free energy—Helmholtz; atomic weight; surface area. 
Angstrom unit. 
activity ; (acceleration). 
ampére, in sub-units—see footnote, p. 988. 
magnetic induction. 
concentration ; electrostatic capacity. 
with subscript : molecular heat capacity. 
c. Centigrade. 
e velocity of light in vacuo. 
c velocity; concentration. 
with subscript : specific heat. 
D diffusion coefficient. 
d diameter; distance; (density). 
d= differential. 
7] 
E 


Awe RP pm 


partial differential. 
energy; {intrinsic energy); potential difference, especially electromotive 
force of voltaic cells. ; 
with subscript : single electrode potential. 
e electronic charge—charge equal and opposite in sign to that of an electron. 
quantity of electricity, especially electrostatic charge. 
‘with subscript : single electrode potential. 

















mG SN Sm RE Qe Km yy oO 
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2 
a 
wo 


yews 








base of natural logarithms. 

Faraday’s constant. 

force; (free energy—Helmhoitz). 

farad; Fahrenheit. 

acceleration; activity coefficient, for molar concentration; partition 
function. 

function. 

thermodynamic potential, Gibbs function, free energy—G. N. Lewis. 

acceleration due to gravity, standard value. 

acceleration due to gravity, as a variable; osmotic coefficient. 

gram. 

enthalpy, total heat, heat content; magnetic field strength. 

henry. 

Planck’s constant. 

height. 

moment of inertia; ionic strength; electric current; intensity of light. 

vapour pressure constant; van ’t Hoff’s factor. 

mechanical equivalent of heat. 

gram-equivalent weight. 

chemical equilibrium constant ; (compressibility). 

K, solubility product. 


Kelvin. 
Boltzmann’s constant. 

thermal conductivity ; velocity constant of chemical reaction. 
latent heat per mol; self inductance; (solubility product). 
latent heat per g.; length; mean free path of moiecules. 
with subscript : equivalent ionic conductance, “‘ mobility ’’. 
litre. 

molecular weight ; mutual inductance; magnetic moment. 
molar concentration. 

rest mass of an electron. 

mass. 

metre. 

Avogadro’s number. 

mol fraction. 

normal concentration. 

number of mols. 

with subscript : (transport number). 

with subscript : refractive index. 

pressure. 

parachor. 

pressure. 

quantity of electricity. 

heat entering a system. 

gas constant per mol; Rydberg’s constant. 

electrical resistance. 

with subscript : molecular refraction. 

radius; (specific resistance). 

with subscript : specific refraction. 

R6ntgen unit. 

entropy. 

solubility ; (surface area). 

temperature, on absolute Kelvin scale. 

with subscript : transport number. 

time; (temperature—not on absolute scale). 

intrinsic energy. 


NWR MESSE SS Bs 
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velocity component. 

with subscript : velocity of ions. 

volume; potential, potential difference, including Volta potential. 

volt. 

volume; velocity; velocity component. 

(work done by or on a system). 

watt. ; 

work done by or on a system; velocity component. 

force component ; potential gradient in electric field. 

mol fraction. 

force component. 

force component; g.-equivalent weight; number of molecular collisions 
per second; atomic number. 

valency of an ion. 


degree of electrolytic dissociation ; angle of optical rotation. 
specific optical rotation. 

surface concentration excess. 

ratio of specific heats; surface tension. 

increment. 

very small increment. 

dielectric constant ; molar extinction coefficient. 

electrokinetic potential. 

efficiency of any process; viscosity; electrolytic polarisation, overvoltage. 
angle of contact ; temperature—not on absolute scale. 
compressibility ; specific conductance; magnetic susceptibility—volume. 
equivalent conductance. 

wave length. 

chemical potential; dipole moment; magnetic permeability. 
with subscript : (refractive index). 

micron. 

frequency ; wave number. 

pressure, especially osmotic pressure. 

product. 

(electrolytic polarisation, overvoltage). 

ratio of circumference to diameter. 

density ; specific resistance. 

sum. 

diameter of molecules; (surface tension) ; (specific conductance). 
time interval, especially half or mean life. 
fluidity ; electronic exit work function ; magnetic flux. 
function. 

magnetic susceptibility—mass. 

wave function. 

ohm. 
angular velocity ; specific magnetic rotation. 

















5 































ERRATA. 


Vot., 1944. 
Page Line 
535, 537 In title for “‘ XIX” read“ XX”. 

Vot., 1945. 

384 9 Im: “147-5” read “ 137-5”’. 

27 ~—s for “ 200” read “‘ 220” 

930 6* for “ C,;H,,0,N ” read “ C,3H,,ON ” 

Vol, 1946. 


3 for “ 204" read “ 284". 
1158 4 for “‘ absorbed in’ ho “‘ adsorbed on ”’ 
— In equation (2f, ay ” vead “ v’”’. 


1163 7 we vead ™ 
1163 41 for “‘ Oreyer”’ wed” ' Dreyer sf" 
VoL., 1947. 
73 13. for ‘ CygsH,,ON, Cl” read “ C,,H,,0,N,Cl”’. 
173 2 after summary : for “ diazo- ” vead ‘ diazo-oxide ” 
226 13. for “ 120” vead “ 129” 
244 28* for “ B.P. 248,282” vead “ B.P. 248,182 ”’. 
247 32 = for “ bis-(m-diethyl- ” vead “* bis-(m-dimethyl- at 


247 last for “‘ This” read “‘ The acetate of 
249 28 for “-1:3-” read “ -2:4-”. 





249 38 for “‘1:3-” read ““2:4-”. 

330 43 for ‘‘ 170” read “ 182” 

383 11* for ‘“‘ N-benzyl-N ’-methylbenzamidinium hydrochloride’’ yvead ‘‘ N-benzyl-N - 
methylbenzamidinium chloride ’’. : 

386 6* for “ (2-65 g . or 48%) ” read “ (5-15 g., 93%) ”’. 

388 28 for“ N-bensyl-N’-methylbenzamidine  vead N-Benzyl-N’-methylbenzamidine ”’ 


392 Item 8 In the formula of the thiocyanate, for ‘‘S"’ read “S,"’ 
Item 19 In the formula of the for “‘ Hy,” read “' Bu” 
398 30 = for."* Cy,” vead ** 
14* for “61” vead “5-4. 
499 — In the last line of formula, for “ = p-Me-C,H,) ” read “ (T = p-MeC,H,)”’. 


7167 23 * after “ complete ”’ ar * at 100°”. 

835 28 In formula, for ‘‘O,”’ read ‘“‘ O,”’. 

850 13 * for 185" yead "$5" 

924 . ale “ Urbanski, Rocz. Chem.” vead ‘‘ Urbanski and Slon, Rocz. Chem.’’. 

962 cs Cgptlan By road read “* CygH,,N,IS, ”’. 

1054 38-39 Jor **( at 100° and 0-1 mm.: C, 45:1; H, 5-5; N, 107. 


C,,H,,0,N, requires ~y) 45-0; H, 50; N, 20-0%) * reag ‘‘ (Found in material 
dried at 140° a 0-1 mm.: C, 46-0: H, 49; N, 181. C,,H,.O,N, requires 
C, 46-2; H, 51; N  17-9%) ”. 
1248 10 for “ 1947” vead “ 1946 a” 
1379 29 for “ dialkylthallious ”’ read ** dialkylthallium ” 
30 for “ thallous ’’ read “ thallium ”’, 





* From bottom. 
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With the exception of certain issues which are out of print, the following may be obtained 
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Journal and Proceedings. 
Memoirs and Proceedings, 1841—1847 (3 vols.) ............... per vol. 
Quarterly Journal, 1848-1861 (14 vols.) .................cec0ees per vol. 
SOMME, DRDO sornccdaivcddasTonecdethtesscockseevinsFouseekii s 
» (including Abstracts), 1871-1923 ..............0....0. — 
Ps RG SW ws eae dk PARE re 
Journal Annual Index, 1871-1948  .............ccsccceseeeeeeees per copy - 
Journal Collective Index, Vol. I, 1841-1872 .................. per vol. 
ss - » Vol. XI, 1878-1862 ................ per vol. 
” os »  Wol, IIT, 1883-1892 ............... per vol. 
ve - »  ‘Wol. IV, 1893-1902 ............... per vol. 
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~ 99 . _Senecvenseciosencésdcesvoncaceedcosedenssepis per part 
Annual Reports on the Progress of Chemistry. 
Vol. I (1904)—Vol. ALIT (1945) .............cceccccccccceseeees per copy 
Vek. SEMEL {IDOG) osc cinsccscicnsicecconcsasensvessessenthstsbocbeese per copy 
Wek, BABY: (IGGT)  ccsesevesngcvesectsqeveteccansntesvosecsecadevesies per copy 
Quarterly Reviews. 
Val. F (IOGT)—Vol. TE (1BRB). ns ce cccccisccccvcccvecévcccsoctocses per vol. 
a Bad) Sans tk cs oped eieiaa dsciséabdnaberctewens per part 
Other Publications. 
The Chemical Society, 1841—1941 (A Historical Review 
by T. S. Moore and J.C. Philip) — ............sseeceeeeees 
British Chemists (Edited by A. Findlay and W. H. Mills) 
Souvenir Programme of the Centenary Celebrations ...... 
Jubilee Volume (History of the Chemical Society from 
BBE GR DOG) ~ ceneicndoasct cpingencss gene sunsiepetabiteicsecbaanéees 
Memorial Lectures, Vol. I, 1893-1900 .................seeceeeees 
ae = Wed. TE, WOGR-1018 oi resiccesccsccesecces 
= 96. 5 Rs MS ORGS once cnnstsbecscncosecens 
Volume of Faraday Lectures, 1869 to 1928 .................. 
Portraits of Eminent Chemists, set of 8 ..............scseeeeees 
ne ae = DONA cindicccs cemitosnetedesins 
(The set includes portraits of Bunsen, Fischer, Hofmann, 
Mendeleef, Pasteur, Perkin, Ramsay, and Roscoe. 
Each portrait measures 8” x 6”. Size of mount 
ant -5t ER*.) 
Table of International Atomic Weights, 1947 ............... per copy 


* Postage extra. All other publications post free. 
+ Included with Journal as from January, 1915. 
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ABSTRACTS 


As from January, 1924, the Abstracts were separated from the Journal of the Chemical Society and 
published independently. 


A. Abstracts. 


1924-36 British Chemical Abstracts “‘ A” (Pure Chemistry) ... 


1937-44 British Chemical and Physiological Abstracts “‘ A’, and 
1945-46 British Abstracts “ A” : 
A. I (General, Physical, and Inorganic Chemistry)... 
A. II (Organic Chemistry) ... 
A. III (Physiology and Biochemistry) .................. 


A. I, A. II, and A. IIT together 
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British Abstracts “ A ”’: 
A. I (General, Physical, and Inorganic Chemistry) ... 


A. II (Organic Chemistry) ................00+ 


_ 


A. III (Physiology and Biochemistry) .................. 
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British Abstracts ‘‘ A”’ : 
A. I (General, Physical, and Inorganic Chemistry)... 


A. II (Organic Chemistry) ..............0+ 


— 


A. IIT (Physiology and Biochemistry) .................. 
A. I, A. II, and A. III together........ 
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C. Abstracts. 


1944 British Chemical and Physiological Abstracts “‘ C,” and 
7194546 British Abstracts “ C ’ (Apparatus and Analysis) 


+1947 British Abstracts “ C ’’ (Apparatus and: Analysis) 


+1948 British Abstracts “‘ C ’’ (Apparatus and Analysis) 


Annual Indexes. 

1924-36 Annual Index to British Chemical Abstracts “ A” per copy 

1937-38 Annual Index to British Chemical and ee 
Abstracts “ A ”’ and “ B ” (combined) _ ... per copy 

1939-43 Annual Index td British Chemical and Physiological 
Abstracts ““A”’ .... per copy 

1944 Annual Index to British “Chemical tend Physiological 
Abstracts ‘‘ A’ and “‘C”’ (combined) _... per copy 

+1945-47 Annual Index to British Abstracts ‘‘ A ”’ ini. vas Cc 2g 
(combined) ........ rm Sim per copy 

+1948 Annual Index to British ‘Abatenete * _ cA? ™ penne nse “C° = 
(combined) ...... per copy 

1944 Annual Index to British. Chemical and | Physiological 
Abstracts ““C”’ .... és ae per copy 
+1945-46 Annual Index to British ‘Abetwnete AK: “O* M  pspuoeeesces eee: ee 
+1947 Annual Index to British Abstracts “‘C”  ............... per copy 
+1948 Annual Index to British Abstracts ““C”  ........4..... per copy 


Collective Indexes. 


+1923-32 Decennial Index of British Chemical Abstracts ‘‘ A ”’ . 
and “ B ” (combined) .. per copy 4 0 
+1933-—37 aay ere Index of British Chemical ‘Abstracta 
” and “‘B” (combined) . Sedentenae percopy 4 0 


* Including one copy of the Index. 
+ Obtainable by the public from the Bureau of Abstracts, 9/10, Savile Row, London, W. 1. 








